DESCRI PTI ON

TI TLE OF | NVENTI ON: POLYVALENT AMMONI UM SALT COMPOUND
COVPOSI TI ON FOR FORM NG SI LI CON- CONTAI NI NG RESI ST
UNDERLAYER FI LM AND PATTERNI NG PROCESS

TECHNI CAL FI ELD
[ 0001]

The present invention relates to: a polyval ent
anmoni um salt conmpound; a conposition for formng a
silicon-containing resist underlayer film containing the

conmpound; and a patterni ng process using the conposition.

BACKGROUND ART
[ 0002]

Along with high integration and hi gh processing
speed of Large-Scale Integrated circuits (LSIs),
m ni aturization of pattern size is rapidly advanci ng.
Along with the mi niaturization, |ithography technol ogy
has achi eved a fine patterning by shortening wavel ength
of a light source and selecting an appropriate resist
conposition accordingly. The conposition mainly used is
a positive photoresist conposition for nonol ayer. The
nonol ayer positive photoresist conposition not only
allows a resist resin to have a skel eton having etching
resi stance against dry etching with chlorine- or
fluori ne-based gas plasm, but al so provides a sw tching
mechani sm t hat makes an exposed part sol uble, thereby
di ssol ving the exposed 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. 1In
addi tion, 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 |l 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
photoresist filmhaving a forned pattern as an etching
mask. In practice, however, there is no dry etching
met hod capabl e of providing an absol ute etching
selectivity between the photoresist filmand the
substrate to be processed. The resist filmis thus also
damaged and col | apses during processing of the substrate,
and the resist pattern cannot be accurately transferred
to the substrate to be processed. Accordingly, higher
dry etching resistance has been required in a
phot oresi st conposition along with the mniaturization
of the pattern. However, on the other hand, a resin
used for the photoresist conposition needs to have | ow
| i ght absorption at exposure wavel ength in order to
I nprove the resolution. For this reason, the resin used
for the photoresist conposition has shifted to a novol ak
resin, polyhydroxystyrene, and a resin having an
al i phatic polycyclic skeleton as the exposure |ight
shifted fromi-line to KrF and ArF, which have shorter
wavel ength. However, this shift has actually
accel erated 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 beconme urgent.
[ 0006]

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

One of the nmultilayer resist methods is a three-
| ayer resist nmethod, which can be perforned with a
typical resist conposition 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 forned on a substrate to
be processed; a silicon-containing resist underlayer
filmis formed thereon; and a usual organi c photoresi st
filmis formed thereon as a resist upper layer film

Since the organic resist upper layer film ensures an



excell ent etching selectivity ratio relative to the
silicon-containing resist underlayer filmwhen dry
etching is performed with fluorine-based gas plasma, the
resi st upper layer filmpattern can be transferred to
the silicon-containing resist underlayer filmby dry
etching with fluorine-based gas plasma. This method
allows the pattern to be transferred to the silicon-
containing resist underlayer filmeven when using a
resi st conposition with which it is difficult to forma
pattern having a sufficient filmthickness for directly
processi ng the substrate to be processed or a resi st
conposition that has insufficient dry etching resistance
for processing the substrate. Then, by subsequently
perform ng transfer of the pattern by virtue of dry

et ching using oxygen gas plasma or hydrogen gas pl asns,
the pattern can be transferred to the organic film
containing a novolak resin or the like, which has a
sufficient dry etching resistance for processing the
substrate. After this organic filmpattern is forned,
the remaining silicon-containing resist underlayer film
I's generally renoved by dry etching with fluorine-based
gas plasma or wet etching with, for exanple, an al kali -
or fluorine-based etching solution to elimnate the

def ect-causing residue. If the etching rate is
insufficient, this increases a possibility that the

resi due derived fromthe silicon-containing resist
under| ayer film stays and causes defects, or that |onger
etching treatnent is required, bringing about problens
such as damagi ng the substrate to be processed. As
descri bed above, for precise patterning and snooth
renmoval , the silicon-containing resist underlayer film
needs to be etched at an appropriate speed.

[ 0008]



Meanwhi |l e, the recent advents of ArF imrersion
l'i thography, EUV |ithography, and so forth start to
realize finer pattern formations, and in association
with this, thinning of photoresist filns has progressed
further. Such thinning of photoresist filnms brings
about degradation in edge roughness (LWR) and
degradation in the critical dinension uniformty (CDU)
of hole patterns in ultra-fine patterns, and therefore,
i nprovenent in LMR and CDU is a serious problem
[ 0009]

Accordingly, there have been proposed conpositions,
each containing a curing catalyst, for formng a
silicon-containing resist underlayer filmfor ArF or EUV
i thography (Patent Documents 1 and 2). The curing
catal yst has a suitable structure for catalyzing a
si l anol condensation reaction and pronoting the
formati on of siloxane bonds that serve as the main
skel eton of a silicon-containing resist underlayer film
In addition, it is about to be revealed that the
selection of a curing catalyst has various influences on
properties of a silicon-containing resist underlayer
film Exanples of the properties include
acidity/basicity, hydrophilicity/hydrophobicity,
hardness, filmdensity, etching rate, etc. Such a
curing catalyst has a structure simlar to that of a
sensitivity nodifier in an upper |ayer resist.

Therefore, there is a problemthat, if a curing catalyst
di ffuses to an upper | ayer resist due to heating or
exposure, there is a great influence on the pattern-
formability of a photoresist. Since there is an

i nfluence particularly on LMR and CDU performance, there
are demands for the devel opnment of a curing catalyst

that is prevented fromdiffusing to an upper |ayer



resist.
[ 0010]

Meanwhi |l e, for the inprovenment of LWR and CDU, a
phot osensitive upper |ayer resist material containing a
conpound having a cation and an anion in a nolecule is
known (Patent Docunent 3). However, in recent ultra-
fine patterns, LWR and CDU of higher precision are
desired, and inprovenent in the performance of resist

underl ayer filnms is al so needed.

Cl TATION LI ST

PATENT LI TERATURE

[0011]

Pat ent Docunent 1: JP2007-302873A
Pat ent Document 2: W0O2013/161372A1
Pat ent Docunent 3: JP2011-016746A

SUMVARY OF | NVENTI ON
TECHNI CAL PROBLEM
[ 0012]

The present invention has been nade to sol ve the
above-descri bed problenms. An object of the present
invention is to provide: a conposition for formng a
silicon-containing resist underlayer filmwth which it
is possible to forma silicon-containing resist
underl ayer filmthat has an appropriate etching rate and
can inprove LVWR and CDU in an ultra-fine pattern in a
mul tilayer resist nethod; a polyval ent anmoni um salt
conpound to be contained in the conposition; and a

patterni ng process using the conposition.

SOLUTI ON TO PROBLEM
[ 0013]



The present invention has been nade to achieve the
obj ect, and provides a pol yval ent amoni um salt conpound
having two or nore ammoni umions per nmol ecule, the
pol yval ent anmoni um salt conpound being represented by
the follow ng general formula (A1),

Ry Ry E?)
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e iﬁ i\“ﬁs

4

wherein Ry represents a hydrocarbon group having 1 to 20
carbon atons and optionally having a substituent or an
aromatic group having 6 to 20 carbon atonms and
optionally having a substituent, and optionally contains
one or nore nitrogen atoms; R, R3, R4, Rs, Rs, and Ry
each i ndependently represent a hydrogen atom a

hydr ocar bon group having 1 to 20 carbon atons and
optionally having a substituent, or an aromatic group
having 6 to 20 carbon atons and optionally having a
substituent, and optionally contain one or nore nitrogen
atonms; any two or nore selected fromR;, R, R, R4 Rs,
Rs, and R; are optionally bonded to each other to forma
ring together with the nitrogen atomin the fornmula; A
represents an organic or inorganic anion to be a counter

ion of an ammoni um cati on, and excl udes

bi strifl uoronethanesul fonylinm de; and “n” represents an
I nteger of 2 to 10.
[ 0014]

When such a pol yval ent ammoni um salt conpound is
contained in a conposition for formng a silicon-
contai ning resist underlayer film the polyval ent
ammoni um salt conmpound functions as a curing catal yst
and can promote the thernosetting of the conposition.

In addition, the inventive compound is polyval ent, and



t herefore, exhibits higher reactivity than nonoval ent
ammoni um salt conmpounds when contained in a conposition
for formng a silicon-containing resist underlayer film
Thus, substance diffusion to a resist upper layer film
can be suppressed, and it is possible to forma strong
silicon-containing resist underlayer film having
excell ent LMR and CDU properties. Furthernore, a
conposition for formng a silicon-containing resist
underl ayer film containing the inventive pol yval ent
anmmoni um salt conmpound nekes it possible to forma
silicon-containing resist underlayer film having an
excell ent etching rate by virtue of the advant ageous
effects of silicon atons.

[ 0015]

In the present invention, the A is preferably
formate, acetate, propionate, butyrate, hexanoate,
benzoate, t-butyl benzoate, trichloroacetate,
trifluoroacetate, 2-hydroxy-2, 2-
bi s(trifluoromethyl)acetate, trinethylacetate,
pent af | uor opr opi onat e, nethanesul fonate, butanesul fonate,
benzenesul f onate, tol uenesul fonate,
trifluoromet hanesul fonate, methyl sulfate ion, chloride
ion, bromde ion, iodide ion, fluoride ion, cyanide ion,
nitrate ion, nitrite ion, or hydroxide ion.

[ 0016]

When the A is an anion specified above, the
advant ageous effects of the present invention can be
exhi bited nore sufficiently.

[0017]

In the present invention, the polyval ent amobni um
salt compound is preferably represented by the follow ng
general formula (B-1), the follow ng general fornula (B-

2), the follow ng general formula (B-3), or the



foll owi ng general formula (B-4),
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wherein Ri1, Ri2, Ri3z, and Ruis each independently

A

(B-1)

represent a hydrogen atom a hydrocarbon group having 1
to 20 carbon atonms and optionally having a substituent,
or an aromatic group having 6 to 20 carbon atons and
optionally having a substituent; and A is as defined
above,
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wherein R, Rz, Res, Resa, Ros, and Ree each independently
represent a hydrogen atom a hydrocarbon group having 1

< (B-2)

to 20 carbon atonms and optionally having a substituent,
or an aromatic group having 6 to 20 carbon atons and

optionally having a substituent; and A is as defined

above,
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wherein Rs1, Rs2, Rs3, Rss, Rss, Rss, and Rs7 each

I ndependently represent a hydrogen atom a hydrocarbon
group having 1 to 20 carbon atons and optionally having
a substituent, or an aromatic group having 6 to 20
carbon atonms and optionally having a substituent; and A
I's as defined above,
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wherein Rs1, Rs2, and Rs3z each independently represent a
hydr ocar bon group having 1 to 20 carbon atons and
optionally having a substituent or an aromatic group
having 6 to 20 carbon atonms and optionally having a
substituent; Rss, Rus, Rue, Rua7, Rus, Ru9, Rso, Rsi, Rsz2, and
Rs3 each i ndependently represent a hydrogen atom a
hydr ocar bon group having 1 to 20 carbon atons and
optionally having a substituent, or an aromatic group
having 6 to 20 carbon atonms and optionally having a
substituent; and A- is as defined above.
[ 0018]

Such a pol yval ent ammoni um salt conpound can
exhi bit the advant ageous effects of the present
i nvention nore effectively.

[ 0019]

The present invention also provides a conposition
for formng a silicon-containing resist underlayer film
conprising: the above-described pol yval ent ammoni um sal t
conpound; and a thermally crosslinkabl e pol ysil oxane.

[ 0020]

Such a conposition for formng a silicon-
contai ning resist underlayer filmmakes it possible to
forma silicon-containing resist underlayer filmthat
has an appropriate etching rate and can i mprove LWR and
CDU in an ultra-fine pattern in a nultilayer resist
met hod.

[ 0021]

10



In the present invention, the thermally
crossl i nkabl e pol ysil oxane preferably contains any one
or nore of a repeating unit represented by the follow ng
general formula (Sx-1), a repeating unit represented by
the follow ng general formula (Sx-2), and a parti al
structure represented by the followi ng general fornula
(Sx-3),

F21
—Eszi—oﬁ— (Sx—1)

T

R’
—ES]i—CH_— (Sx—2)
R2
R’
(R3éi—oJf (Sx—3)
22

wherein R, R?2, and R® are each identical to or different
fromeach other and represent a nonoval ent organi c group
having 1 to 30 carbon atons.

[ 0022]

When the thermally crosslinkable polysil oxane
contains a structure specified above, the advantageous
effects of the present invention can be exhibited nore
sufficiently.

[ 0023]

The inventive conmposition for formng a silicon-
contai ning resist underlayer film preferably further
conpri ses an acid generator.

[ 0024]

11



By an acid generator being contained as necessary,
it is possible to make fine adjustnents to the pattern
profile, exposure sensitivity, etc.

[ 0025]

In this case, the acid generator is preferably a
phot o-aci d generator, which generates an acid by an
action of a high-energy beam
[ 0026]

Thus, it is possible to adjust appropriately the
pattern profile, exposure sensitivity, etc. of a resist
upper layer filmwhile mnimzing the degradation of
ot her properties, and in addition, a photo-acid
generator is also effective for reducing residues
derived froma resist upper layer filmin some cases.

[ 0027]

The present invention also provides a patterning
process for formng a pattern in a body to be processed,
conprising the steps of:

form ng an organic filmon a body to be processed
by using a coating-type organic film materi al;

formng a silicon-containing resist underlayer
filmon the organic film by using the above-descri bed
conposition for formng a silicon-containing resist
under |l ayer film

form ng a resist upper layer filmon the silicon-
containing resist underlayer film by using a resist
upper |ayer film conposition conprising a photoresist
conposition;

forming a circuit pattern in the resist upper
| ayer film

transferring the pattern to the silicon-containing
resi st underlayer filmby etching while using the resist

upper layer filmhaving the fornmed circuit pattern as a

12



mask;

transferring the pattern to the organic film by
etching while using the silicon-containing resist
underl ayer film having the transferred pattern as a
mask; and

transferring the pattern to the body to be
processed by etching while using the organic film having
the transferred pattern as a mask.

[ 0028]

The present invention also provides a patterning
process for formng a pattern in a body to be processed,
conprising the steps of:

formng a hard mask on a body to be processed by a
CVD net hod,;

form ng a silicon-containing resist underl ayer
filmon the hard mask by using the above-descri bed
conposition for formng a silicon-containing resist
under |l ayer film

form ng a resist upper layer filmon the silicon-
contai ning resist underlayer film by using a resist
upper |ayer film conposition conprising a photoresist
conposi tion;

formng a circuit pattern in the resist upper
| ayer film

transferring the pattern to the silicon-containing
resi st underlayer filmby etching while using the resist
upper layer filmhaving the fornmed circuit pattern as a
mask;

transferring the pattern to the hard mask by dry
etching while using the silicon-containing resist
underl ayer film having the transferred pattern as a
mask; and

transferring the pattern to the body to be

13



processed by dry etching while using the hard mask
having the transferred pattern as a mask.
[ 0029]

According to the above-descri bed patterning
processes, pattern collapse of the resist upper |ayer
filmis suppressed, excellent pattern transfer to the
silicon-containing resist underlayer filmby dry etching
can be achieved, and the silicon-containing resist
underlayer filmthat remains after the patterning has
been conpl eted can be renoved easily, so that defects
due to residues hardly occur. Therefore the patterning
processes are particularly practical for the formation
of a fine pattern.

[ 0030]

In the present invention, it is preferable that
the circuit pattern is fornmed in the resist upper |ayer
filmby a photolithography with a wavel ength of 10 nm or
nore and 300 nmor less, a direct drawing by electron
beam a nanoinprinting, or a conbination thereof.

[ 0031]

When the circuit pattern is formed in the resist
upper |ayer filmby a nethod specified above, the
advant ageous effects of the present invention can be
exhi bited nore sufficiently.

[ 0032]

In the present invention, the body to be processed
can be a sem conductor device substrate or the
sem conductor device substrate coated with any of a
metal film a netal carbide film a metal oxide film a
nmetal nitride film a nmetal oxycarbide film and a neta
oxynitride film
[ 0033]

When a material specified above is used as the

14



body to be processed, the advantageous effects of the
present invention can be exhibited nore sufficiently.
[ 0034]

Furthermore, in the present invention, the netal
is preferably silicon, gallium titanium tungsten,
haf ni um zirconium chrom um germanium copper, silver
gold, indium arsenic, palladium tantalum iridium
al um num iron, nolybdenum cobalt, or an alloy thereof.
[ 0035]

When the metal constituting the body to be
processed is a netal specified above, the advantageous
effects of the present invention can be exhibited nore

sufficiently.

ADVANTAGEQUS EFFECTS OF | NVENTI ON
[ 0036]

As descri bed above, when the inventive pol yval ent
ammoni um salt conmpound is contained in a conposition for
formng a silicon-containing resist underlayer film
containing a thermally crosslinkable polysiloxane as a
curing catalyst, it is not only possible to form an
ultra-fine upper layer resist pattern having excellent
LWR and CDU, excellent dry etching selectivity relative
to the resist upper layer filmand the organic filmor
t he hard mask can be achieved, and therefore, a pattern
for a sem conductor device can be formed in a substrate
with a good yield. 1In addition, a formed silicon-
contai ning resist underlayer film can achi eve high
etching selectivity relative to organic nmaterials, and
therefore, a formed upper |ayer resist pattern can be
transferred successively to the silicon-containing
resi st underlayer filmand an organic filmor a hard

mask by using a dry etching process. Furthernore, the

15



formed silicon-containing resist underlayer filmhas a
sufficient etching rate, and therefore, the silicon-
containing resist underlayer filmthat remains after the
patterni ng has been conpl eted can be renpved easily, so
t hat defects due to residues hardly occur. Therefore,

t he compound is particularly useful for the formation of

a fine pattern.

DESCRI PTI ON OF EMBODI MENTS
[ 0037]

Herei nafter, the present invention will be
described in nmore detail. As stated above, there have
been demands for the devel opnent of: a conposition for
formng a silicon-containing resist underlayer filmwth
which it is possible to forma silicon-containing resist
underl ayer filmthat has an appropriate etching rate and
can inprove LVWR and CDU in an ultra-fine pattern in a
mul til ayer resist nmethod; a polyval ent ammoni um salt
conpound to be contained in the conposition; and a
patterni ng process using the conposition.

[ 0038]

To achieve the above-described object, the present
I nventors have earnestly studi ed and found out that,
when a pol yval ent ammoni um salt conpound havi ng a
particul ar structure is contained in a conposition for
formng a silicon-containing resist underlayer film it
is possible to give a silicon-containing resist
underl ayer filmthat can inprove the LMR and CDU of an
ultra-fine pattern and has an etching rate suitable for
processing in a nmultilayer resist nethod. Thus, the
present invention has been conpl et ed.

[ 0039]

That is, the present invention is a polyval ent

16



ammoni um salt conmpound having two or nmore amoni um i ons
per nol ecule, the polyval ent amoni um salt conpound
bei ng represented by the follow ng general formula (A-1),

(A1)

QS\\ n"{f@k"“‘»\ w‘{ﬁ

T

Q/I

IS

wherein Ry represents a hydrocarbon group having 1 to 20
carbon atons and optionally having a substituent or an
aromatic group having 6 to 20 carbon atons and
optionally having a substituent, and optionally contains
one or nore nitrogen atons; R, R3, R4, Rs, Rs, and Ry
each i ndependently represent a hydrogen atom a

hydr ocar bon group having 1 to 20 carbon atons and
optionally having a substituent, or an aromatic group
having 6 to 20 carbon atons and optionally having a
substituent, and optionally contain one or nore nitrogen
atons; any two or nore selected fromR;, R, R3, R4, Rs,
Rs, and R; are optionally bonded to each other to forma
ring together with the nitrogen atomin the fornmula; A
represents an organic or inorganic anion to be a counter
I on of an ammoni um cation, and excl udes

bi strifl uoronethanesul fonylim de; and “n” represents an
i nteger of 2 to 10.

[ 0040]

Herei nafter, the present invention will be
described in detail, but the present invention is not
limted thereto.
[ 0041]
<Conposition for Form ng Silicon-Containing Resist
Under | ayer Fil nm>

The inventive conmposition for formng a silicon-

contai ning resist underlayer film contains: a polyval ent

17



ammoni um salt conmpound represented by the foll ow ng
general formula (A-1); and a thermally crosslinkable
pol ysi | oxane. Besides these conponents, the conposition
can al so contain optional conponents.

In the foll owi ng, each conponent contained in the
i nventive conposition for formng a silicon-containing
resi st underlayer filmwll be described in detail.
[ 0042]
<Pol yval ent Ammoni um Salt Conpound>

The inventive polyval ent anmoni um salt conpound is
represented by the follow ng general fornula (A-1), and

can be used as a curing catalyst.

RSN“MWN+f””§1“\XN+f“”ﬁ2

R é FLM”%

4

(A-1)

A

6

In the fornmula, R; represents a hydrocarbon group
having 1 to 20 carbon atons and optionally having a
substituent or an aromatic group having 6 to 20 carbon
atonms and optionally having a substituent, and
optionally contains one or nore nitrogen atons; R, Rs,
Rs, Rs, Rs, and R; each independently represent a
hydrogen atom a hydrocarbon group having 1 to 20 carbon
atonms and optionally having a substituent, or an
aromatic group having 6 to 20 carbon atons and
optionally having a substituent, and optionally contain
one or nore nitrogen atons; any two or nore sel ected
fromR;, R, Rs, R4, Rs, Rs, and R; are optionally bonded
to each other to forma ring together with the nitrogen
atomin the forrmula; A represents an organic or
I norgani ¢ anion to be a counter ion of an amoni um

cation, and excludes bistrifluoronmethanesul fonyli m de;

and “n” represents an integer of 2 to 10.
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[ 0043]
[ Pol yval ent Ammoni um Salt Conpound Represented By
General Formula (A-1)]

The inventive polyval ent anmoni um salt conpound
functions as a curing catalyst and pronotes
t hernbsetti ng when contained in a conposition for
formng a silicon-containing resist underlayer film At
the time of curing, the conpound has higher reactivity
t han nonoval ent ammoni um salt conpounds, and therefore,
is prevented fromdiffusing to an upper |ayer resist.
Thus, the conmpound provides a strong conposition for
formng a silicon-containing resist underlayer filmthat
contributes to the inprovenent of LWR and CDU
Furthernmore, a formed silicon-containing resist
under |l ayer film has an appropriate constitution and
structure, and therefore, is assunmed to have a
sufficient etching rate for processing.

[ 0044]

Note that, in the present description, filns
formed bel ow the resist upper layer filmare referred to
as underl ayer films, and include those called resist
underlayer filnms and silicon-containing resist mddle
| ayer filmns.

[ 0045]

In the general forrmula (A-1), R: represents a
hydr ocar bon group having 1 to 20 carbon atons and
optionally having a substituent or an aromatic group
having 6 to 20 carbon atonms and optionally having a
substituent, and optionally contains one or nore
nitrogen atons; and R;, R, R4, Rs, Rs, and R; each
I ndependently represent a hydrogen atom a hydrocarbon
group having 1 to 20 carbon atons and optionally having

a substituent, or an aromatic group having 6 to 20
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carbon atonms and optionally having a substituent, and
optionally contain one or nore nitrogen atons. Specific
exanmpl es of the aromatic group having 6 to 20 carbon
atonms include a phenyl group, a naphthyl group, an
ant hracenyl group, a phenanthrenyl group, and a pyrenyl
group. Examples of the substituent that is optionally
cont ai ned i nclude linear, branched, or cyclic, saturated
or unsaturated hydrocarbon groups having 1 to 12 carbon
atonms, aromati c hydrocarbon groups, heteroaromatic
groups, al koxy groups, a hydroxy group, an ester group,
a carbonyl group, an am no group, a hal ogen group, a
sul fide group, a carboxy group, a sulfo group, an am de
group, an im de group, a cyano group, an al dehyde group,
an imno group, a urea group, a carbamate group, a
carbonate group, a nitro group, a sulfonyl group, and
groups derived froma conbination of these groups.
Furthernore, any two or nore selected from R;, R, Rz Ry,
Rs, Rs, and R; are optionally bonded to each other to
forma ring together with the nitrogen atomin the
for mul a.
[ 0046]

To achi eve the advantageous effects of the present
i nvention nore effectively, the polyval ent anmoni um salt
conpound can be a conpound represented by the follow ng
general formula (B-1), the follow ng general fornula (B-
2), the follow ng general formula (B-3), or the

foll ow ng general fornula (B-4).

Ry
Py

+ i g/ +
AT Ot e P

;
LN

. &13

In the formula, Ri1, Ri2, Riz, and Ris each

(B-1)

i ndependently represent a hydrogen atom a hydrocarbon
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group having 1 to 20 carbon atons and optionally having
a substituent, or an aromatic group having 6 to 20
carbon atons and optionally having a substituent; and A
is as defined above.

Res Rt 7

Rog. | o 1 Koo
R

(B-2)
M
5{?4\&53
In the formula, Roi, Ro2, Res, Ros, Ros, and Roe each
i ndependently represent a hydrogen atom a hydrocarbon
group having 1 to 20 carbon atons and optionally having
a substituent, or an aromatic group having 6 to 20

carbon atons and optionally having a substituent; and A

is as defined above.

Hag
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In the fornula, Rsi, Rs2, Rss, Rss, Rss, Rss, and Rsz

each i ndependently represent a hydrogen atom a
hydr ocar bon group having 1 to 20 carbon atons and
optionally having a substituent, or an aromatic group
having 6 to 20 carbon atons and optionally having a
substituent, and are identical to or different from each
other; and A is as defined above.

Q4W&\?f0

N
?i4f/ \Ra;z Hs1 : 1

S “ (B-4)

1 Rag H53
N
Rer” | “Ra
46
In the fornula, Rs1, R42, and R4z each independently

represent a hydrocarbon group having 1 to 20 carbon
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atonms and optionally having a substituent or an aronmatic
group having 6 to 20 carbon atons and optionally having
a substituent; R, Rus, Rus, Rua7, Rus, Ru9, Rso, Rs1, Rsz,
and Rsz3 each independently represent a hydrogen atom a
hydr ocar bon group having 1 to 20 carbon atons and
optionally having a substituent, or an aromatic group
having 6 to 20 carbon atons and optionally having a
substituent; and A- is as defined above.
[ 0047]

In the general formula (B-1), Ru1, Ri2, Riz, and Rus
each i ndependently represent a hydrogen atom a
hydr ocar bon group having 1 to 20 carbon atons and
optionally having a substituent, or an aromatic group
having 6 to 20 carbon atonms and optionally having a
substituent. Specific exanples of the aromatic group
having 6 to 20 carbon atons include a phenyl group, a
napht hyl group, an anthracenyl group, a phenanthrenyl
group, and a pyrenyl group. A represents an organic or
i norgani ¢ anion to be a counter ion of an amoni um
cation. Exanples of the substituent that is optionally
cont ai ned i nclude linear, branched, or cyclic, saturated
or unsaturated hydrocarbon groups having 1 to 12 carbon
atons, aromati c hydrocarbon groups, heteroaronmatic
groups, al koxy groups, a hydroxy group, an ester group,
a carbonyl group, an am no group, hal ogen groups, a
sul fide group, a carboxy group, a sulfo group, an am de
group, an im de group, a cyano group, an al dehyde group,
an imno group, a urea group, a carbamate group, a
carbonate group, a nitro group, a sulfonyl group, and
groups derived froma conbination of these groups. For
achi eving the advant ageous effects of the present
I nvention nore effectively, a phenyl group, a naphthyl
group, a furanyl group, a thiophenyl group, a pyrrolyl
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group, and a pyridinyl group are preferable, and a
phenyl group and a naphthyl group are nore preferable.
[ 0048]

In the general fornmula (B-2), Roi, Re2, R23, R, Reos,
and Rce each independently represent a hydrogen atom a
hydr ocar bon group having 1 to 20 carbon atons and
optionally having a substituent, or an aromatic group
having 6 to 20 carbon atons and optionally having a
substituent. Specific exanples of the aromatic group
having 6 to 20 carbon atons include a phenyl group, a
napht hyl group, an ant hracenyl group, a phenanthrenyl
group, and a pyrenyl group. A represents an organic or
I norgani ¢ anion to be a counter ion of an amoni um
cation. Exanples of the substituent that is optionally
contai ned include |inear, branched, or cyclic, saturated
or unsaturated hydrocarbon groups having 1 to 12 carbon
atons, aromati c hydrocarbon groups, heteroaronmatic
groups, al koxy groups, a hydroxy group, an ester group,
a carbonyl group, an am no group, hal ogen groups, a
sul fide group, a carboxy group, a sulfo group, an am de
group, an im de group, a cyano group, an al dehyde group,
an imno group, a urea group, a carbamate group, a
carbonate group, a nitro group, a sulfonyl group, and
groups derived froma conbination of these groups. For
achi eving the advant ageous effects of the present
I nvention nore effectively, a phenyl group, a naphthyl
group, a furanyl group, a thiophenyl group, a pyrrolyl
group, and a pyridinyl group are preferable, and a
phenyl group and a naphthyl group are nore preferable.
[ 0049]

In the general formula (B-3), Rsi1, Rs2, Rs3, Rss, Rss,
Rss, and Rs7 each independently represent a hydrogen atom

a hydrocarbon group having 1 to 20 carbon atons and
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optionally having a substituent, or an aromatic group
having 6 to 20 carbon atons and optionally having a
substituent. Specific exanples of the aromatic group
having 6 to 20 carbon atons include a phenyl group, a
napht hyl group, an ant hracenyl group, a phenanthrenyl
group, and a pyrenyl group. A represents an organic or
I norgani ¢ anion to be a counter ion of an amoni um
cation. Exanples of the substituent that is optionally
contai ned include |inear, branched, or cyclic, saturated
or unsaturated hydrocarbon groups having 1 to 12 carbon
atonms, aromati c hydrocarbon groups, heteroaromatic
groups, al koxy groups, a hydroxy group, an ester group,
a carbonyl group, an am no group, hal ogen groups, a
sul fide group, a carboxy group, a sulfo group, an am de
group, an imde group, a cyano group, an al dehyde group,
an imno group, a urea group, a carbamate group, a
carbonate group, a nitro group, a sulfonyl group, and
groups derived froma conbination of these groups. For
achi eving the advant ageous effects of the present
i nvention nore effectively, a phenyl group, a naphthyl
group, a furanyl group, a thiophenyl group, a pyrrolyl
group, and a pyridinyl group are preferable, and a
phenyl group and a naphthyl group are nore preferable.
[ 0050]

In the general formula (B-4), Rs1, Rs2, and R4z each
i ndependently represent a hydrocarbon group having 1 to
20 carbon atons and optionally having a substituent or
an aromatic group having 6 to 20 carbon atonms and
optionally having a substituent; and R, Rus, Rus, Ru7,
Rag, Rao, Rso, Rsi, Rs2, and Rsz each independently
represent a hydrogen atom a hydrocarbon group having 1
to 20 carbon atonms and optionally having a substituent,

or an aromatic group having 6 to 20 carbon atons and
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optionally having a substituent. Specific exanples of
the aromatic group having 6 to 20 carbon atons include a
phenyl group, a naphthyl group, an anthracenyl group, a
phenant hrenyl group, and a pyrenyl group. A represents
an organic or inorganic anion to be a counter ion of an
ammoni um cati on. Exanples of the substituent that is
optionally contained include |inear, branched, or cyclic,
saturated or unsaturated hydrocarbon groups having 1 to
12 carbon atoms, aromati c hydrocarbon groups,

het eroaromati ¢ groups, al koxy groups, a hydroxy group

an ester group, a carbonyl group, an am no group,

hal ogen groups, a sulfide group, a carboxy group, a

sul fo group, an am de group, an im de group, a cyano
group, an al dehyde group, an imno group, a urea group,
a carbamate group, a carbonate group, a nitro group, a
sul fonyl group, and groups derived from a conbi nati on of
t hese groups. For achieving the advantageous effects of
the present invention nore effectively, a phenyl group,
a napht hyl group, a furanyl group, a thiophenyl group, a
pyrrolyl group, and a pyridinyl group are preferable,
and a phenyl group and a naphthyl group are nore

pr ef er abl e.

[ 0051]

In the general forrmulae (B-1), (B-2), (B-3), and
(B-4), A represents an organic or inorganic anion to be
a counter ion of an amoni um cation. Specific exanples
of the organic anion include formate, acetate,
propi onate, butyrate, hexanoate, benzoate, t-
butyl benzoate, trichloroacetate, trifluoroacetate, 2-
hydr oxy- 2, 2-bi s(trifluoronmethyl)acetate,
trimethyl acetate, pentafl uoropropionate,
met hanesul f onate, butanesul fonate, benzenesul f onat e,

t ol uenesul fonate, trifluoronethanesul fonate, and nethyl
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sulfate ion. Specific exanples of the inorganic anion
i nclude chloride ion, bromde ion, iodide ion, fluoride
i on, cyanide ion, nitrate ion, nitrite ion, and
hydr oxi de ion. Anmobng these anions, chloride ion, iodide
ion, fluoride ion, nitrate ion, nitrite ion, and
hydr oxi de ion are preferable, and chloride ion and
nitrate ion are nore preferable.
[ 0052]

In the present invention, one kind of the
pol yval ent anmoni um salt conpound represented by the
general formula (A-1) may be used, or two or nore kinds
t hereof may be used in m xture. The polyval ent ammoni um
salt conpound represented by the general formula (A-1)
is preferably contained in an amount of 0.01 to 50 parts
by mass, nore preferably 0.1 to 40 parts by nmass, based
on 100 parts by mass of the thermally crosslinkable
pol ysi | oxane (Sx) described | ater.
[ 0053]

More specific exanples of the pol yval ent amoni um
salt conpound represented by the general formula (A-1)
i nclude the follow ng conpounds, but are not limted
t hereto.
[ 0054]

|+ |+ -
FrauiP 5% | [+] Prﬁ]

OH-
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[ 0056]
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[ 0058]
[ Thermal |y Crosslinkabl e Pol ysil oxane]

The inventive conmposition for formng a silicon-
containing resist underlayer filmcontains a thermally
crosslinkabl e polysiloxane in addition to one or nore
ki nds of the polyval ent ammoni um salt conpound
represented by the general formula (A-1).

[ 0059]

The thermally crosslinkabl e pol ysil oxane (Sx) used
in the present invention preferably contains any one or
nore of a repeating unit represented by the follow ng
general formula (Sx-1), a repeating unit represented by
the followi ng general fornmula (Sx-2), and a parti al
structure represented by the followi ng general fornula
(Sx-3).
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%sii—oJr (Sx—1)

R
—ESZi—O—} (Sx—2)
R2
R
(R3S|i—OJr (Sx—3)
%2

In the formulae, R, R?, and R3 are each identica
to or different fromeach other and represent a
nonoval ent organic group having 1 to 30 carbon atons.

[ 0060]

The thermally crosslinkabl e polysil oxane (Sx) can
be manufactured, for exanple, by the hydrolysis
condensation of a hydrol ysabl e nmononer (Sm) descri bed
bel ow.

[ 0061]

Speci fic exanples of the hydrol ysabl e nononmer (Sm
i nclude tetramethoxysil ane, tetraethoxysil ane,

t etrapropoxysil ane, tetrai sopropoxysil ane,
trimethoxysilane, triethoxysilane, tripropoxysilane,
triisopropoxysilane, nethyltrinmethoxysil ane,

met hyl tri et hoxysil ane, nethyltripropoxysil ane,

met hyl trii sopropoxysilane, ethyltrimethoxysilane,
ethyltriethoxysilane, ethyltripropoxysil ane,
ethyltriisopropoxysilane, vinyltrinmethoxysilane,
vinyltriethoxysilane, vinyltripropoxysil ane,

vinyltriisopropoxysilane, propyltrimethoxysilane,
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propyltriethoxysil ane, propyltripropoxysilane,
propyltriisopropoxysilane, isopropyltrinmethoxysilane,
I sopropyltriethoxysilane, isopropyltripropoxysilane,

i sopropyltriisopropoxysilane, butyltrimethoxysilane,
butyltriethoxysilane, butyltripropoxysil ane,
butyltriisopropoxysilane, isobutyltrimethoxysilane,

I sobutyl triethoxysilane, isobutyltripropoxysil ane,

i sobutyltriisopropoxysilane, sec-butyltrinethoxysil ane,
sec-butyltriethoxysil ane, sec-butyltripropoxysilane,
sec-butyltriisopropoxysilane, t-butyltrimethoxysil ane,
t-butyltriethoxysilane, t-butyltripropoxysilane, t-
butyltriisopropoxysilane, allyltrinmethoxysilane,
allyltriethoxysilane, allyltripropoxysilane,
allyltriisopropoxysilane, cyclopropyltrinmethoxysil ane,
cycl opropyltriethoxysilane, cyclopropyltripropoxysilane,
cycl opropyltriisopropoxysilane,

cycl obutyl trinmethoxysilane, cyclobutyltriethoxysil ane,
cycl obutyl tri propoxysil ane,

cycl obutyltriisopropoxysil ane,

cycl opentyltrimethoxysil ane, cyclopentyltriethoxysil ane,
cycl opentyltripropoxysil ane,

cycl opentyltriisopropoxysilane,

cycl ohexyl tri met hoxysil ane, cyclohexyltriethoxysil ane,
cycl ohexyl tri propoxysil ane,

cycl ohexyl trii sopropoxysil ane,

cycl ohexenyl tri nmet hoxysi | ane,

cycl ohexenyl tri et hoxysil ane,

cycl ohexenyl tri propoxysi |l ane,

cycl ohexenyl triisopropoxysil ane,

cycl ohexenyl et hyl tri met hoxysi | ane,

cycl ohexenyl ethyl tri et hoxysi | ane,

cycl ohexenyl et hyl tri propoxysi | ane,

cycl ohexenyl ethyltriisopropoxysil ane,
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cycl ooctyl trinmethoxysilane, cyclooctyltriethoxysilane,
cycl ooctyl tripropoxysil ane,

cycl ooctyltriisopropoxysil ane,

cycl opent adi enyl propyl tri met hoxysi | ane,

cycl opent adi enyl propyl tri et hoxysi | ane,

cycl opent adi enyl propyl tri propoxysi |l ane,

cycl opent adi enyl propyl triisopropoxysil ane,

bi cycl oheptenyl tri met hoxysi | ane,

bi cycl oheptenyltri et hoxysil ane,

bi cycl oheptenyl tri propoxysil ane,

bi cycl oheptenyltrii sopropoxysil ane,

bi cycl oheptyl tri met hoxysi | ane,

bi cycl oheptyl tri et hoxysil ane,

bi cycl oheptyl tri propoxysil ane,

bi cycl oheptyltriisopropoxysilane,
adamantyl tri met hoxysi | ane, adamantyl tri et hoxysil ane,
adamantyl tri propoxysi |l ane, adamantyltriisopropoxysil ane,
phenyl tri met hoxysil ane, phenyltriethoxysil ane,

phenyl tri propoxysil ane, phenyltriisopropoxysil ane,
benzyl tri met hoxysil ane, benzyltriethoxysil ane,

benzyl tri propoxysil ane, benzyltriisopropoxysil ane,

ani syl tri met hoxysil ane, anisyltriethoxysil ane,

ani syl tripropoxysilane, anisyltriisopropoxysil ane,
tolyltrimethoxysilane, tolyltriethoxysilane,
tolyltripropoxysilane, tolyltriisopropoxysilane,
phenet hyl tri nmet hoxysi |l ane, phenethyltriethoxysil ane,
phenet hyl tri propoxysil ane, phenethyltriisopropoxysil ane,
napht hyl tri met hoxysi | ane, naphthyltriethoxysil ane,
napht hyl tri propoxysi |l ane, naphthyltriisopropoxysil ane,
di met hyl di met hoxysi | ane, di met hyl di et hoxysi | ane,

met hyl et hyl di met hoxysi | ane, net hyl et hyl di et hoxysi | ane,
di met hyl di propoxysil ane, di nmethyl dii sopropoxysil ane,
di et hyl di met hoxysi | ane, di et hyl di et hoxysil ane,
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di et hyl di propoxysi | ane, diethyl diisopropoxysil ane,

di propyl di net hoxysi | ane, di propyl di et hoxysil ane,

di propyl di propoxysil ane, di propyl diisopropoxysil ane,

di i sopropyl di net hoxysi |l ane, diisopropyl di et hoxysil ane,
di i sopropyl di propoxysi | ane,

di i sopropyl dii sopropoxysil ane, dibutyl di met hoxysil ane,
di butyl di et hoxysi | ane, di butyl di propoxysil ane,

di butyl dii sopropoxysil ane, di-sec-butyl di net hoxysil ane,
di - sec- butyl di et hoxysi |l ane, di-sec-butyl di propoxysil ane,
di - sec-butyl di i sopropoxysilane, di-t-

but yl di met hoxysi | ane, di-t-butyl di ethoxysilane, di-t-
but yl di propoxysilane, di-t-butyl diisopropoxysilane,

di cycl opropyl di net hoxysi | ane,

di cycl opropyl di et hoxysi | ane,

di cycl opr opyl di propoxysi | ane,

di cycl opropyl di i sopropoxysi |l ane,

di cycl obut yl di met hoxysi | ane, dicycl obutyl di et hoxysil ane,
di cycl obutyl di propoxysi | ane,

di cycl obut yl di i sopropoxysi |l ane,

di cycl opentyl di met hoxysi | ane,

di cycl opentyl di et hoxysi | ane,

di cycl opentyl di propoxysi | ane,

di cycl opentyl di i sopropoxysi |l ane,

di cycl ohexyl di net hoxysi | ane, dicycl ohexyl di et hoxysi |l ane,
di cycl ohexyl di propoxysi | ane,

di cycl ohexyl di i sopropoxysi | ane,

di cycl ohexenyl di met hoxysi | ane,

di cycl ohexenyl di et hoxysi | ane,

di cycl ohexenyl di pr opoxysi |l ane,

di cycl ohexenyl di i sopropoxysi | ane,

di cycl ohexenyl et hyl di met hoxysi | ane,

di cycl ohexenyl et hyl di et hoxysi | ane,

di cycl ohexenyl et hyl di propoxysi | ane,
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di cycl ohexenyl et hyl di i sopropoxysi | ane,
di cycl ooct yl di met hoxysi | ane, dicycl ooctyl di et hoxysil ane,
di cycl ooctyl di propoxysi | ane,
di cycl ooctyl di i sopropoxysil ane,
di cycl opent adi enyl pr opyl di met hoxysi | ane,
di cycl opent adi enyl propyl di et hoxysi | ane,
di cycl opent adi enyl propyl di propoxysi | ane,
di cycl opent adi enyl propyl di i sopropoxysi | ane,
bi s(bi cycl ohept enyl ) di net hoxysi | ane,
bi s(bi cycl ohept enyl ) di et hoxysi | ane,
bi s(bi cycl ohept enyl ) di propoxysi | ane,
bi s(bi cycl oheptenyl ) dii sopropoxysil ane,
bi s(bi cycl oheptyl)di net hoxysil ane,
bi s(bi cycl oheptyl)di et hoxysi | ane,
bi s(bi cycl oheptyl)di propoxysil ane,
bi s(bi cycl oheptyl)diisopropoxysil ane,
di adamant yl di net hoxysi | ane, di adamantyl di et hoxysi | ane,
di adamant yl di propoxysi | ane,
di adamant yl di i sopr opoxysi | ane, di phenyl di net hoxysi | ane,
di phenyl di et hoxysi | ane, nethyl phenyl di met hoxysi |l ane,
met hyl phenyl di et hoxysi | ane, di phenyl di propoxysi |l ane,
di phenyl di i sopropoxysil ane, trinmethyl met hoxysil ane,
trimethyl et hoxysil ane, dinmethyl ethyl methoxysil ane,
di net hyl et hyl et hoxysi | ane, di net hyl phenyl net hoxysi | ane,
di net hyl phenyl et hoxysi | ane, di net hyl benzyl met hoxysi | ane,
di met hyl benzyl et hoxysi | ane,
di met hyl phenet hyl met hoxysi | ane,
di net hyl phenet hyl et hoxysi | ane, and the |ike.
[ 0062]
Pref erabl e exanpl es of the conmpounds i nclude
t et ramet hoxysil ane, tetraethoxysil ane,
met hyl tri met hoxysil ane, methyltriethoxysil ane,

et hyl tri nmet hoxysil ane, ethyltriethoxysil ane,
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vinyl trimethoxysilane, vinyltriethoxysilane,

propyl trimethoxysil ane, propyltriethoxysilane,

I sopropyl trinmethoxysilane, isopropyltriethoxysilane,
butyl tri met hoxysil ane, butyltriethoxysil ane,

i sobutyl trinmethoxysilane, isobutyltriethoxysilane,

al lyltrinmethoxysilane, allyltriethoxysil ane,

cycl opentyltri nmet hoxysil ane, cyclopentyltriethoxysil ane,
cycl ohexyl tri met hoxysil ane, cyclohexyltriethoxysil ane,
cycl ohexenyl tri met hoxysi | ane,

cycl ohexenyl tri et hoxysil ane, phenyltrimethoxysil ane,
phenyl tri et hoxysil ane, benzyltrinmethoxysil ane,
benzyl tri et hoxysil ane, phenethyltrimethoxysil ane,
phenet hyl tri et hoxysil ane, dinethyl di net hoxysil ane,

di net hyl di et hoxysi | ane, di et hyl di met hoxysi | ane,

di et hyl di et hoxysi | ane, net hyl et hyl di net hoxysi | ane,

nmet hyl et hyl di et hoxysi | ane, di propyl di net hoxysi |l ane,

di but yl di met hoxysi | ane, nethyl phenyl di met hoxysi |l ane,
met hyl phenyl di et hoxysi | ane, trinmethyl met hoxysil ane,

di net hyl et hyl net hoxysi | ane, di net hyl phenyl met hoxysi | ane,
di met hyl benzyl net hoxysi | ane,

di met hyl phenet hyl met hoxysi | ane, and the I|ike.

[ 0063]

Ot her exanpl es of the organic groups represented
by R, R2, and R3® include organic groups having one or
nore carbon-oxygen single bonds or carbon-oxygen doubl e
bonds. Specific exanples include organic groups having
one or nore groups selected fromthe group consisting of
an ether bond, an ester bond, al koxy groups, a hydroxy
group, etc. Exanples of the organic groups include ones
shown by the follow ng general fornmula (SmR)

[ 0064]
(P-Qi- (S1) vi- @-) u- (T) va- Q- (S2) va- Qu- (Sm R)

In the general forrmula (SmR), P represents a
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hydrogen atom a cyclic ether group, a hydroxy group, an
al koxy group having 1 to 4 carbon atons, an

al kyl car bonyl oxy group having 2 to 6 carbon atons, or an
al kyl carbonyl group having 2 to 6 carbon atons; Q, Q,
@, and Q4 each independently represent -CqH 2q-p)Pp-,

Y
of 0 to 3, and “q” represents an integer of 0 to 10,

where P is as defined above, represents an integer
provi ded that g=0 neans a single bond; “u” represents an
integer of 0 to 3; Si1 and S; each independently

represent -0, -CO, -0OCO, -COO, or -0OCOO. “vi17,
“v2”, and “v3” each independently represent 0 or 1. T
represents a dival ent atom other than carbon, or a

di val ent group including an alicyclic, aromatic, or

het erocyclic ring.

[ 0065]

As T, exanples of the alicyclic, aromatic, or
heterocyclic ring optionally containing a hetero atom
such as an oxygen atom are shown below. In T, positions
bonded to @ and @ are not particularly limted, and
can be selected appropriately in consideration of
reactivity dependent on steric factors, availability of
commerci al reagents used in the reaction, and so on.
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[ 0066]
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[ 0067]
Pref erabl e exanpl es of the organic groups having
one or nore carbon-oxygen single bonds or carbon-oxygen
doubl e bonds in the general formula (SmR) include the

followng. Note that, in the followng formul ae, (Si)

is depicted to show a bonding site to Si
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[ 0068]
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[ 0069]
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(Si} (Si) (Si)

OH OCH, OCOCH,,

;SU (Si) (Si)

OH OCH; QCQCH,

(i) ) (Si)

[ 0070]

Furthernore, as exanples of the organic groups of
R, R?, and R3, an organic group containing a silicon-
silicon bond can also be used. Specific exanples

t hereof include the follow ng.
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CH, CH;,, CH;,, CH;,

HsC-Si—Si— SI CH;  HyC-S5i—Si— s. CH;  HyC-5i—Si— s. CH;  HyC-Si—Si— s. CHs

HsC F/J CH4 HsC CHs HaC CH; HaC CH;
(Si) _ _

(Si) (50) (Si)
CH; CH, HiC  CH, CH, CH30H3CH3 CH; GHy CH; CH,
HyC-Gi— Si—CH; H,C-8i—Si—8—CHy  HyC- Si— —Si—CH, HyC-Si— Si—Si—Si-CH,
rJ CH, Hg:(} CH,q rJ CH30H3 FJ GH, CHy CH,
(Si) & (Si) (Si)
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j”CH3 ! ?
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[ 0071]

Further, as exanples of the organic groups of Ri,
R2, and R3, organic groups having a protective group
that i s deconposed with an acid can al so be used.

Speci fic exanpl es thereof include organic groups shown
i n paragraphs (0043) to (0048) of JP2013-167669A and
organi ¢ groups obtained fromsilicon conpounds shown in
par agraph (0056) of JP2013-224279A.

[0072]

Furthernore, as exanples of the organic groups of
R, R?, and R3, an organic group having a fluorine atom
can al so be used. Specific exanples thereof include
organi ¢ groups obtained fromsilicon conpounds shown in
par agraphs (0059) to (0065) of JP2012-53253A.

[ 0073]

To the hydrol ysabl e nononmer (Sm), 1, 2, or 3
chlorine atons, brom ne atons, iodine atons, acetoxy
groups, nethoxy groups, ethoxy groups, propoxy groups,
but oxy groups, or the |like are bonded as hydrol ysabl e
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groups on the silicon atom shown as (Si) in the partial
structures shown above.

[ 0074]

[ Met hod for Synthesizing Thermally Crosslinkable

Pol ysi | oxane (Sx)]

(Synthesis Method 1: Acid Catalyst)

The thermally crosslinkabl e pol ysil oxane (Sx) used
in the present invention can be produced by the
hydrol ysis condensation of one kind of the hydrol ysable
nonomer (Sm) or a m xture of two or nore kinds thereof
in the presence of an acid catalyst.

[ 0075]

Exanpl es of the acid catalyst used in this event
i nclude organic acids, such as formc acid, acetic acid,
oxalic acid, maleic acid, methanesulfonic acid,
benzenesul fonic acid, and toluenesul fonic acid; and
hydrof l uoric acid, hydrochloric acid, hydrobrom c acid,
sul furic acid, nitric acid, perchloric acid, and
phosphoric acid. The catalyst is preferably used in an
ampunt of 1x10-6 to 10 nol, nore preferably 1x10-5 to 5
nol, and further preferably 1x10-4 to 1 nol, relative to
1 nmol of the nmononer.

[ 0076]

When the thermally crosslinkable polysil oxane (Sx)
is obtained fromthese nononers by the hydrolysis
condensation, water is preferably added in an anmount of
0.01 to 100 nol, nore preferably 0.05 to 50 nol, further
preferably 0.1 to 30 mol, per nol of the hydrol ysable
substituent bonded to the nmononmer. When the anount is
100 nol or less, a reaction device can be made small and
econom cal. \When the amount is 0.01 nmol or nore, the
reacti on progresses sufficiently.

[0077]
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As the operation nethod, the nononer is added to
an aqueous solution of a catalyst to initiate the
hydr ol ysi s condensation reaction. 1In this event, an
organi ¢ solvent may be added to the aqueous sol ution of
t he catal yst, or the nonomer may be diluted with an
organi c solvent, or both of these operations nay be
perfornmed. The reaction tenperature is preferably 0 to
100°C, nore preferably 5 to 80°C. As a preferable
met hod, when the nonomer is added dropw se, the
tenperature is maintained at 5 to 80°C, and then the
m xture is aged at 20 to 80°C
[ 0078]

The organi c solvent which can be added to the
aqueous solution of the catalyst or with which the
nonomer can be diluted is preferably methanol, ethanol,
1- propanol, 2-propanol, 1-butanol, 2-butanol, 2-nmethyl -
1- propanol, ethylene glycol, propylene glycol, acetone,
acetonitrile, tetrahydrofuran, toluene, hexane, ethyl
acetate, methyl ethyl ketone, nethyl isobutyl ketone,
cycl ohexanone, nethyl amyl ketone, butanedi ol nononet hyl
et her, propylene glycol nonomethyl ether, ethylene
gl ycol nononet hyl ether, butanedi ol nonoethyl ether,
propyl ene gl ycol nonoethyl ether, ethylene glycol
nonoet hyl et her, ethylene glycol nonopropyl ether,
propyl ene glycol dinmethyl ether, diethylene glycol
di met hyl ether, propylene glycol nmononethyl ether
acetate, propylene glycol nonoethyl ether acetate, ethyl
pyruvate, butyl acetate, methyl 3-nethoxypropionate,
et hyl 3-ethoxypropionate, tert-butyl acetate, t-butyl
propi onate, propylene glycol nono-t-butyl ether acetate,
v-butyrolactone, mixtures thereof, and the like.

[ 0079]

Among t hese organi ¢ solvents, water-soluble
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solvents are preferable. Exanples thereof include

al cohol s, such as nethanol, ethanol, 1-propanol, and 2-
propanol ; pol yhydric al cohols, such as ethylene glycol
and propyl ene glycol; polyhydric al cohol condensate
derivatives, such as butanedi ol nmononethyl ether,

propyl ene gl ycol nonomethyl ether, ethylene glycol
nmononet hyl et her, butanedi ol nonoet hyl ether, propyl ene
gl ycol nonoet hyl ether, ethylene glycol nonoethyl ether,
but anedi ol nonopropyl ether, propylene glycol nonopropyl
et her, and ethyl ene glycol nonopropyl ether; acetone,
acetonitrile, tetrahydrofuran, and the Iike. Anpng
these, particularly preferable is one having a boiling
poi nt of 100°C or | ower.

[ 0080]

Note that the organic solvent is preferably used
in an amount of 0 to 1,000 m, particularly preferably O
to 500 mM, relative to 1 mol of the mononer. \When the
organic solvent is used in a small anmount, only a snal
reaction vessel is required, and this is econom cal
[ 0081]

Then, if necessary, neutralization reaction of the
catalyst is carried out to obtain an aqueous sol ution of
a reaction mxture. |In this event, the anmpunt of an
al kal i ne substance usable for the neutralization is
preferably 0.1 to 2 equivalents relative to the acid
used as the catalyst. This al kaline substance nay be
any substance as long as it shows alkalinity in water.

[ 0082]

Subsequently, by-products such as al cohol produced
by the hydrolysis condensation reaction are preferably
renmpved fromthe aqueous solution of the reaction
m xture by a procedure such as renoval under reduced

pressure. In this event, the aqueous solution of the
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reaction mxture is heated at a tenperature of
preferably 0 to 100°C, nore preferably 10 to 90°C,
further preferably 15 to 80°C, although the tenperature
depends on the kinds of the added organic solvent, the
al cohol produced in the reaction, and so forth.
Additionally, in this event, the degree of vacuumis
preferably atnmospheric pressure or |less, nore preferably
80 kPa or less in absolute pressure, further preferably
50 kPa or less in absolute pressure, although the degree
of vacuum vari es dependi ng on the kinds of the organic
sol vent, al cohol, etc. to be renoved, as well as
exhausti ng equi pnent, condensation equi pnent, and
heating tenperature. 1In this case, it is difficult to
accurately know the anmount of al cohol to be renpved, but
it is desirable to renmove about 80 mass% or nore of the
produced al cohol, etc.

[ 0083]

Next, the acid catalyst used in the hydrolysis
condensation nay be renoved fromthe aqueous sol ution of
the reaction m xture. As a nethod for renoving the acid
catalyst, the thermally crosslinkabl e polysiloxane
solution is mxed with water, and the thermally
crosslinkabl e polysiloxane is extracted with an organic
solvent. Preferably, the organic solvent used in this
event is capable of dissolving the thermally
crosslinkabl e pol ysil oxane, and achi eves two-1I| ayer
separation when m xed with water. Exanples include
nmet hanol , et hanol, 1-propanol, 2-propanol, 1-butanol, 2-
but anol, 2-nethyl-1-propanol, acetone, tetrahydrofuran,
t ol uene, hexane, ethyl acetate, cycl ohexanone, nethyl
anmyl ketone, butanediol nononmethyl ether, propylene
gl ycol nononet hyl ether, ethylene glycol nonomethyl

et her, butanedi ol nopnoet hyl ether, propylene glycol
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nonoet hyl et her, ethylene glycol nonoethyl ether,
but anedi ol nonopropyl ether, propylene glycol nonopropyl
et her, ethylene glycol nonopropyl ether, propylene
gl ycol dimethyl ether, diethylene glycol dinmethyl ether,
propyl ene gl ycol nonomethyl ether acetate, propylene
gl ycol nonoethyl ether acetate, ethyl pyruvate, butyl
acetate, nethyl 3-nmethoxypropionate, ethyl 3-
et hoxypropi onate, t-butyl acetate, t-butyl propionate,
propylene glycol mono-t-butyl ether acetate, vy-
butyrol actone, methyl isobutyl ketone, cyclopentyl
met hyl ether, mxtures thereof, and the |ike.
[ 0084]

Further, it is also possible to use a m xture of a
wat er - sol ubl e organi c solvent and a slightly-water-
sol ubl e organic solvent. Preferable exanples of the
m xture include the m xture of nethanol and et hyl
acetate, the m xture of ethanol and ethyl acetate, the
m xture of 1-propanol and ethyl acetate, the m xture of
2- propanol and ethyl acetate, the m xture of butanedi ol
nononet hyl ether and ethyl acetate m xture, the m xture
of propyl ene glycol nononethyl ether and ethyl acetate,
the m xture of ethylene glycol nononethyl ether and
et hyl acetate, the m xture of butanedi ol nonoethyl ether
and ethyl acetate, the m xture of propylene glycol
nonoet hyl et her and ethyl acetate, the m xture of
et hyl ene gl ycol nonoethyl ether and ethyl acetate, the
m xture of butanedi ol nonopropyl ether and ethyl acetate,
the m xture of propylene glycol nonopropyl ether and
et hyl acetate, the m xture of ethylene glycol nonopropyl
et her and ethyl acetate, the m xture of nethanol and
met hyl isobutyl ketone, the m xture of ethanol and
met hyl isobutyl ketone, the m xture of 1-propanol and

met hyl i sobutyl ketone, the m xture of 2-propanol and
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met hyl i sobutyl ketone, the m xture of propylene glycol
nmononet hyl ether and met hyl isobutyl ketone, the m xture
of ethylene glycol nononethyl ether and nethyl isobutyl
ketone, the m xture of propylene glycol nonoethyl ether
and nmet hyl isobutyl ketone, the m xture of ethylene

gl ycol nonoet hyl ether and met hyl isobutyl ketone, the
m xture of propylene glycol nonopropyl ether and methyl

I sobutyl ketone, the m xture of ethylene glycol

nmonopr opyl ether and met hyl isobutyl ketone, the m xture
of met hanol and cycl opentyl methyl ether, the m xture of
et hanol and cycl opentyl nethyl ether, the m xture of 1-
propanol and cycl opentyl nethyl ether, the m xture of 2-
propanol and cycl opentyl nmethyl ether, the m xture of
propyl ene gl ycol nonomethyl ether and cycl opentyl nethyl
et her, the m xture of ethylene glycol nononethyl ether
and cycl opentyl nmethyl ether, the m xture of propyl ene
gl ycol nonoethyl ether and cycl opentyl nmethyl ether, the
m xture of ethylene glycol nonoethyl ether and

cycl opentyl methyl ether, the m xture of propyl ene

gl ycol nonopropyl ether and cyclopentyl nethyl ether,
the m xture of ethylene glycol nonopropyl ether and

cycl opentyl nmethyl ether, the m xture of nmethanol and
propyl ene glycol nethyl ether acetate, the m xture of

et hanol and propyl ene glycol nethyl ether acetate, the
m xture of 1-propanol and propyl ene glycol methyl ether
acetate, the m xture of 2-propanol and propylene glycol
met hyl ether acetate, the m xture of propyl ene glycol
nononet hyl et her and propyl ene glycol nethyl ether
acetate, the m xture of ethylene glycol nononethyl ether
and propyl ene glycol nethyl ether acetate, the m xture
of propyl ene glycol nonoethyl ether and propyl ene glycol
met hyl ether acetate, the m xture of ethylene glycol

nonoet hyl et her and propyl ene glycol methyl ether
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acetate, the m xture of propylene glycol nonopropyl
et her and propyl ene glycol nethyl ether acetate, the
m xture of ethylene glycol nonopropyl ether and
propyl ene glycol nethyl ether acetate, and the |ike.
However, the combination is not limted thereto.

[ 0085]

Al t hough the m xing ratio of the water-soluble
organi c solvent and the slightly-water-sol uble organic
solvent is appropriately selected, the ambunt of the
wat er - sol ubl e organic solvent is preferably 0.1 to 1,000
parts by mass, nore preferably 1 to 500 parts by nmss,
further preferably 2 to 100 parts by mass, based on 100
parts by mass of the slightly-water-soluble organic
sol vent .

[ 0086]

Subsequently, the thermally crosslinkable
pol ysi | oxane sol ution nay be washed with neutral water.
As the water, what is commonly call ed deionized water or
ul trapure water nmay be used. The anpunt of the water is
preferably 0.01 to 100 L, nore preferably 0.05 to 50 L,
and further preferably 0.1 to 5 L, relative to 1 L of
the thermally crosslinkable polysiloxane solution. This
washi ng procedure nmay be perfornmed by putting both the
thermal Iy crosslinkabl e polysiloxane solution and
neutral water into the same container, followed by
stirring and then leaving to stand to separate the
aqueous | ayer. The washing may be perfornmed once or
nore, preferably once to approximately five tines, since
washing ten tinmes or nore does not always produce the
full washing effects thereof.

[ 0087]
Gt her met hods for renoving the acid catal yst

i nclude a nmethod using an ion-exchange resin, and a
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met hod in which the acid catalyst is renoved after
neutralization with an epoxy conpound such as ethyl ene
oxi de and propyl ene oxide. These nethods can be
appropriately selected in accordance with the acid
catal yst used in the reaction.

[ 0088]

In this water-washing operation, part of the
thermal Iy crosslinkabl e pol ysil oxane escapes into the
aqueous | ayer, so that substantially the sanme effect as
fractionation operation is obtained in some cases.

Hence, the nunmber of water-washing operations and the
amount of washi ng water may be appropriately selected in
view of the catal yst renoval effect and the
fractionation effect.

[ 0089]

To either of a solution of the thermally
crosslinkabl e polysiloxane with the acid catalyst still
remai ning or a solution of the thermally crosslinkable
pol ysil oxane with the acid catal yst having been renoved,
a final solvent may be added for sol vent exchange under
reduced pressure to obtain a desired thermally
crosslinkabl e pol ysil oxane solution. 1In this event, the
tenperature during the solvent exchange is preferably 0O
to 100°C, nore preferably 10 to 90°C, further preferably
15 to 80°C, depending on the kinds of the reaction
sol vent and the extraction solvent to be renoved.

Mor eover, the degree of vacuumin this event is
preferably atnmspheric pressure or |less, nore preferably
80 kPa or less in absolute pressure, further preferably
50 kPa or less in absolute pressure, although the degree
of vacuum vari es dependi ng on the kinds of the
extraction solvent to be renoved, exhausting equi pnent,

condensation equi pnent, and heating tenperature.
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[ 0090]

In this event, the thermally crosslinkable
pol ysi | oxane may becone unstable due to the sol vent
exchange. This occurs due to inconpatibility of the
thermal Iy crosslinkabl e polysiloxane with the final
solvent. Thus, in order to prevent this phenonmenon, a
monohydric, dihydric, or polyhydric al cohol having
cyclic ether as a substituent as shown in paragraphs
(0181) and (0182) of JP2009-126940A may be added as a
stabilizer. The alcohol is preferably added in an
ampunt of O to 25 parts by mass, nmore preferably 0 to 15
parts by mass, further preferably 0 to 5 parts by mass,
based on 100 parts by nmass of the thermally
crosslinkabl e polysiloxane in the solution before the
sol vent exchange. When the al cohol is added, the anmount
is preferably 0.5 parts by mass or nore. |If necessary,
t he nonohydric, dihydric, or polyhydric al cohol having
cyclic ether as a substituent nay be added to the
solution before the solvent exchange, and then the
sol vent exchange operation may be perfornmed.

[ 0091]

It is preferable to maintain the thermally
crosslinkabl e polysiloxane in a solution state with a
proper concentration. The concentration in this state
is preferably 0.1 to 20 mass% \When the concentration
I's as described, the condensation reaction does not
progress further, and therefore, the polysil oxane does
not become no | onger soluble in an organic sol vent.
Mor eover, the ampunt of the solvent is small, and
t herefore, is econom cal and preferable.
[ 0092]

The final solvent added to the thermally

crosslinkabl e pol ysil oxane solution is preferably an
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al cohol - based solvent. Particularly preferable exanples
i ncl ude nonoal kyl ether derivatives of ethylene glycol,
di et hyl ene glycol, triethylene glycol, propylene glycol
di propyl ene glycol, butanediol, or the IliKke.
Specifically, preferable exanples include butanedi ol
nonomet hyl et her, propyl ene glycol nononethyl ether,
et hyl ene gl ycol nononet hyl ether, butanedi ol nonoet hyl
et her, propyl ene glycol nonoethyl ether, ethylene glycol
nonoet hyl et her, butanedi ol nonopropyl ether, propyl ene
gl ycol nonopropyl ether, ethylene glycol nonopropyl
et her, diacetone al cohol, and the |ike.
[ 0093]

When these solvents are used as the main conponent,
a non- al cohol - based sol vent can al so be added as an
adj uvant sol vent. Exanples of the adjuvant sol vent
i ncl ude acetone, tetrahydrofuran, toluene, hexane, ethyl
acetate, cycl ohexanone, nethyl anyl ketone, propylene
gl ycol dinmethyl ether, diethylene glycol dinethyl ether,
propyl ene gl ycol nonomethyl ether acetate, propylene
gl ycol nonoethyl ether acetate, ethyl pyruvate, butyl
acetate, nethyl 3-nmethoxypropionate, ethyl 3-
et hoxypropi onate, t-butyl acetate, t-butyl propionate,
propylene glycol mono-t-butyl ether acetate, v-
butyrol actone, methyl isobutyl ketone, cyclopentyl
met hyl ether, and the |iKke.
[ 0094]

As an alternative reaction operation using an acid
catalyst, water or a water-containing organic solvent
may be added to the nononer or an organic solution of
t he nononmer to initiate the hydrolysis reaction. 1In
this event, the catalyst may be added to the nmononer or
t he organic solution of the nmononmer, or may be added to

t he water or the water-containing organic solvent. The
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reaction tenperature is preferably 0 to 100°C, nore
preferably 10 to 80°C. As a preferable nmethod, when the
water is added dropw se, the mxture is heated to 10 to
50°C, and then further heated to 20 to 80°C for aging.

[ 0095]

When the organic solvent is used, a water-soluble
solvent is preferable. Exanples thereof include
met hanol , et hanol, 1-propanol, 2-propanol, 1-butanol, 2-
but anol, 2-nethyl-1-propanol, acetone, tetrahydrofuran,
and acetonitrile; polyhydric al cohol condensate
derivatives, such as butanedi ol nmononethyl ether,
propyl ene gl ycol nononmethyl ether, ethylene glycol
nmononet hyl et her, butanedi ol nonoet hyl ether, propyl ene
gl ycol nonoet hyl ether, ethylene glycol nonoethyl ether,
but anedi ol nonopropyl ether, propylene glycol nonopropyl
et her, ethylene glycol nonopropyl ether, propyl ene
gl ycol dinmethyl ether, diethylene glycol dinmethyl ether,
propyl ene gl ycol nonomethyl ether acetate, propylene
gl ycol nonoet hyl ether acetate, and propyl ene gl ycol
nonopr opyl ether acetate; m xtures thereof, and the |ike.
[ 0096]

The organic solvent is preferably used in an
ampunt of O to 1,000 m, particularly preferably 0 to
500 M, relative to 1 nmol of the nononer. When the
organic solvent is used in a small anmount, only a snal
reaction vessel is required, and this is econom cal
The obtai ned aqueous solution of the reaction m xture
may be subjected to post-treatnment by the same procedure
as descri bed above to obtain a thermally crosslinkable
pol ysi | oxane.

[ 0097]
(Synthesis Method 2: Alkali Catalyst)

Alternatively, the thermally crosslinkable
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pol ysi | oxane (Sx) can al so be produced by the hydrolysis
condensation of one kind of the hydrol ysabl e nononer
(Sm or a m xture of two or nore kinds thereof in the
presence of an al kali catalyst. Exanples of the alkal
catalyst used in this event include nethyl am ne,

et hyl am ne, propylam ne, butylam ne, ethyl enedi am ne,
hexamnet hyl enedi am ne, di net hyl am ne, diethyl am ne,

et hyl met hyl am ne, trinmethylam ne, triethylam ne,
tripropylam ne, tributylam ne, cyclohexyl am ne,

di cycl ohexyl am ne, nonoet hanol am ne, di et hanol am ne,

di met hyl monoet hanol am ne, nononet hyl di et hanol am ne,
triethanol am ne, di azabicycl ooct ane,

di azabi cycl ocycl ononene, di azabi cycl oundecene,
hexamet hyl enet etram ne, aniline, N, N-dinethylaniline,
pyridi ne, N, N-dinmethylam nopyridi ne, pyrrole, piperazine,
pyrrolidine, piperidine, picoline, tetranethyl amoni um
hydr oxi de, choline hydroxi de, tetrapropyl amoni um

hydr oxi de, tetrabutylamoni um hydroxi de, amoni a,

i thium hydroxi de, sodi um hydroxi de, potassium hydroxi de,
bari um hydroxi de, cal ci um hydroxi de, and the |ike. The
catalyst is preferably used in an amount of 1x10-6 nol

to 10 nol, nore preferably 1x10-> mol to 5 nol, and
further preferably 1x10-4 nol to 1 nol, relative to 1

nol of the nononer.

[ 0098]

When the thermally crosslinkabl e pol ysil oxane is
obtained from the nonomer by the hydrol ysis condensati on,
water is preferably added in an anmount of 0.1 to 50 nol
per nmol of the hydrol ysable substituent bonded to the
mononer. When the amount is 50 nmol or |ess, a device
used for the reaction can be made smal | and econom cal .
When the anount is 0.1 nmol or nore, the reaction

progresses sufficiently.
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[ 0099]

As the operation nethod, the nononer is added to
an aqueous solution of a catalyst to initiate the
hydrol ysis condensation reaction. 1In this event, an
organi ¢ solvent may be added to the aqueous sol ution of
t he catal yst, or the nonomer may be diluted with an
organi ¢ solvent, or both of these operations nmay be
perfornmed. The reaction tenperature is preferably 0 to
100°C, nore preferably 5 to 80°C. As a preferable
met hod, when the nonomer is added dropw se, the
tenperature is maintained at 5 to 80°C, and then the
m xture is aged at 20 to 80°C
[ 0100]

As the organic solvent which can be added to an
aqueous solution of the alkali catalyst or with which
t he mononmer can be diluted, the sane organic solvents as
t hose exenplified as the organic solvents which can be
added to the aqueous solution of the acid catalyst are
preferably used. Note that the organic solvent is used
in an anount of preferably 0 to 1,000 m relative to 1
nmol of the nonomer because the reaction can be perforned
econom cal ly.

[0101]

Then, if necessary, neutralization reaction of the
catalyst is carried out to obtain an aqueous sol ution of
the reaction mxture. In this event, the ampunt of an
aci di c substance usable for the neutralization is
preferably 0.1 to 2 equivalents relative to the al kaline
substance used as the catalyst. This acidic substance
may be any substance as long as it exhibits acidity in
wat er .

[0102]

Subsequently, by-products such as al cohol produced
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by the hydrolysis condensation reaction are preferably
renmpved fromthe aqueous solution of the reaction
m xture by a procedure such as renoval under reduced
pressure. In this event, the aqueous solution of the
reaction mxture is heated at a tenperature of
preferably 0 to 100°C, nore preferably 10 to 90°C,
further preferably 15 to 80°C, although the tenperature
depends on the kinds of the added organic solvent and
al cohol produced in the reaction. Moreover, the degree
of vacuumin this event is preferably atnospheric
pressure or |ess, nore preferably 80 kPa or less in
absol ute pressure, further preferably 50 kPa or less in
absol ute pressure, although the degree of vacuum varies
dependi ng on the kinds of the organic solvent and
al cohol to be renmobved, as well as exhausting equi pnent,
condensation equi pnent, and heating tenperature. In
this case, it is difficult to accurately know t he anount
of al cohol to be renoved, but it is desirable to renove
about 80 mass% or nore of the produced al cohol.
[0103]

Next, to renove the catalyst used in the
hydrol ysis condensation, the thermally crosslinkable
pol ysil oxane is extracted with an organi c sol vent.
Preferably, the organic solvent used in this event is
capabl e of dissolving the thermally crosslinkable
pol ysi | oxane, and achi eves two-|ayer separation when
m xed with water. Exanples of the organic sol vent
i ncl ude met hanol, ethanol, 1-propanol, 2-propanol, 1-
but anol, 2-butanol, 2-nethyl-1-propanol, acetone,
t etrahydrofuran, toluene, hexane, ethyl acetate,
cycl ohexanone, nethyl amyl ketone, propylene glycol
nmononet hyl ether, ethylene glycol nononmethyl ether,
propyl ene gl ycol nonoethyl ether, ethylene glycol
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nonoet hyl et her, propylene glycol nonopropyl ether,
et hyl ene gl ycol nonopropyl ether, propylene glycol

di met hyl ether, diethylene glycol dinethyl ether,
propyl ene gl ycol nonomethyl ether acetate, propylene
gl ycol nonoethyl ether acetate, ethyl pyruvate, butyl
acetate, methyl 3-nethoxypropionate, ethyl 3-

et hoxypropi onate, t-butyl acetate, t-butyl propionate,
propylene glycol mono-t-butyl ether acetate, v-
butyrol actone, nethyl isobutyl ketone, cyclopentyl
met hyl ether, mxtures thereof, and the |ike.

[ 0104]

Further, it is also possible to use a m xture of a
wat er - sol ubl e organic solvent and a slightly-water-
sol ubl e organi c sol vent.

[ 0105]

As concrete exanples of the organic solvent used
for renmoving the alkali catalyst, it is possible to use
t he same organic solvents or the sane m xture of the
wat er - sol ubl e organi c solvent and the slightly-water-
sol ubl e organic solvent as those specifically
exemplified for the acid catal yst renoval descri bed
above.

[0106]

Al t hough the m xing ratio of the water-soluble
organi c solvent and the slightly-water-sol uble organic
solvent is appropriately selected, the amount of the
wat er - sol ubl e organic solvent is preferably 0.1 to 1,000
parts by mass, nore preferably 1 to 500 parts by nmss,
and further preferably 2 to 100 parts by nass, based on
100 parts by mass of the slightly-water-soluble organic
sol vent .

[0107]

Subsequently, the thermally crosslinkable

55



pol ysi | oxane sol ution nmay be washed with neutral water.
As the water, what is comonly call ed deionized water or
ul trapure water may be used. The anopunt of the water is
preferably 0.01 to 100 L, nore preferably 0.05 to 50 L,
and further preferably 0.1 to 5 L, relative to 1 L of
the thermally crosslinkable polysiloxane solution. This
washi ng procedure nmay be perfornmed by putting both the
thermal Iy crosslinkabl e polysiloxane solution and
neutral water into the same container, followed by
stirring and then leaving to stand to separate the
aqueous | ayer. The washing may be performed once or
nore, preferably once to approximately five tines, since
washing ten tinmes or nore does not always produce the
full washing effects thereof.

[0108]

To the washed thermally crosslinkabl e polysiloxane
solution, a final solvent my be added for sol vent
exchange under reduced pressure to obtain a desired
thermal Iy crosslinkabl e polysiloxane solution. 1In this
event, the tenperature during the solvent exchange is
preferably 0 to 100°C, nore preferably 10 to 90°C,
further preferably 15 to 80°C, depending on the kinds of
the extraction solvent to be renoved. Moreover, the
degree of vacuumin this event is preferably atnospheric
pressure or |ess, nore preferably 80 kPa or less in
absol ute pressure, further preferably 50 kPa or less in
absol ute pressure, although the degree of vacuum varies
dependi ng on the kinds of the extraction solvent to be
renoved, exhausting equi pnment, condensati on equi pnent,
and heating tenperature.

[0109]
The final solvent added to the thermally

crosslinkabl e pol ysil oxane solution is preferably an
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al cohol - based solvent. Particularly preferable al cohol -
based sol vents include nonoal kyl ether derivatives of

et hyl ene glycol, diethylene glycol, triethylene glycol,
propyl ene glycol, dipropylene glycol, and the |ike.
Specifically, preferable exanples include propyl ene

gl ycol nononet hyl ether, ethylene glycol nononethyl

et her, propyl ene glycol nonoethyl ether, ethylene glycol
nmonoet hyl et her, propylene glycol nonopropyl ether,

et hyl ene gl ycol nonopropyl ether, diacetone al cohol, and
the like.

[0110]

As an alternative reaction operation using an
al kali catalyst, water or a water-containing organic
solvent nmay be added to the nmononmer or an organic
solution of the nmononer to initiate the hydrolysis
reaction. In this event, the catalyst may be added to
t he nonomer or the organic solution of the nonomer, or
may be added to the water or the water-containing
organi c solvent. The reaction tenperature is preferably
0O to 100°C, nore preferably 10 to 80°C. As a preferable
met hod, when the water is added dropw se, the mxture is
heated to 10 to 50°C, and then further heated to 20 to
80°C for aging.

[0111]

The organi c solvent usable for the organic
solution of the nmononer or the water-containing organic
solvent is preferably a water-soluble solvent. Exanples
t hereof include nethanol, ethanol, 1-propanol, 2-
propanol , 1-butanol, 2-butanol, and 2-nethyl-1-propanol,
acetone, tetrahydrofuran, acetonitrile; polyhydric
al cohol condensate derivatives, such as propylene glycol
nmononet hyl ether, ethylene glycol nononmethyl ether,
propyl ene gl ycol nonoethyl ether, ethylene glycol
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nonoet hyl et her, propylene glycol nonopropyl ether,

et hyl ene gl ycol nonopropyl ether, propylene glycol

di met hyl ether, diethylene glycol dinethyl ether,

propyl ene gl ycol nonomethyl ether acetate, propylene

gl ycol nonoet hyl ether acetate, and propyl ene gl ycol
nonopr opyl ether acetate; m xtures thereof, and the |ike.
[0112]

The nol ecul ar wei ght of the thermally
crosslinkabl e pol ysil oxane obtai ned by the above
synthesis nmethod 1 or 2 can be adjusted not only through
t he selection of the nonomers, but also through the
control of the reaction condition during the
pol ymeri zati on. \When the wei ght-average nol ecul ar
wei ght is 100,000 or |ess, the generation of foreign
matters or coating spots does not occur. Therefore, the
pol ysi | oxane preferably has a wei ght-average nol ecul ar
wei ght of 100,000 or less, nore preferably 200 to 50, 000,
further preferably 300 to 30,000. Regarding data on the
wei ght - aver age nol ecul ar wei ght, the nol ecul ar weight is
expressed in ternms of polystyrene which is obtained by
gel perneation chromatography (GPC) using a refractive
i ndex (RlI) detector, tetrahydrofuran as an eluent, and
pol ystyrene as a reference substance.

[0113]

The physical properties of the thermally
crosslinkabl e pol ysil oxane used in the present invention
vary depending on the kind of acid or alkali catalyst
and reaction conditions adopted in the hydrolysis
condensation. Therefore, the physical properties of the
thermal Iy crosslinkabl e pol ysil oxane can be sel ected
appropriately in accordance with the target performnce
of the resist underlayer film
[0114]

58



Furthernmore, it is possible to use, as a conponent
of a conposition for form ng a resist underlayer film a
pol ysi | oxane derivative produced froma m xture of one
or nore kinds of the hydrol ysable nononmer (Sm and a
hydrol ysabl e metal conpound represented by the foll ow ng
general formula (Mr) under conditions using the acid or
al kali catal yst.

U(OR") (OR®) ne (MM

In the general formula (Mmn), R’ and R8 each
i ndependently represent an organic group having 1 to 30
carbon atoms; n7¥ + nB is the same nunmber as a val ence
determ ned by the kind of U, “n¥” and “nmB” each
represent an integer of 0 or nore; and U represents an
el ement belonging to the group 111, IV, or Vin the
periodic table, other than carbon and silicon.

[ 0115]

Exanpl es of the hydrol ysable nmetal conpound
represented by the general forrmula (Mm) used in this
event include the following. Wen Uis boron, exanples
of the hydrolysable metal conpound shown by the general
formula (MM include boron nethoxi de, boron ethoxide,
boron propoxi de, boron butoxide, boron anyl oxi de, boron
hexyl oxi de, boron cycl opentoxi de, boron cycl ohexyl oxi de,
boron al |l yl oxi de, boron phenoxi de, boron nethoxyet hoxi de,
boric acid, boron oxide, and the |ike.

[0116]

When U is alum num exanples of the hydrol ysable
metal conmpound shown by the general formula (Mv include
al um num net hoxi de, al um num et hoxi de, al um num
propoxi de, al um num but oxi de, al um num anyl oxi de,
al um num hexyl oxi de, al um num cycl opent oxi de, al um num
cycl ohexyl oxi de, alum num allyl oxi de, alum num phenoxi de,

al um num met hoxyet hoxi de, al um num et hoxyet hoxi de,
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al um num di propoxy(ethyl acetoacetate), alum num

di but oxy(ethyl acetoacetate), alum num propoxy bis(ethyl
acet oacetate), alum num butoxy bis(ethyl acetoacetate),
al um num 2, 4- pent anedi onate, al um num 2, 2, 6, 6-

tetranet hyl - 3, 5- hept anedi onate, and the I|ike.

[0117]

When U is gallium exanples of the hydrol ysable
met al conpound shown by the general fornmula (Mm include
gal I i um net hoxi de, gallium ethoxi de, gallium propoxide,
gal I i um but oxi de, gallium anyl oxi de, gallium hexyl oxi de,
gal I ium cycl opent oxi de, gallium cycl ohexyl oxi de, gallium
al l yl oxi de, gallium phenoxi de, gallium methoxyet hoxi de,
gal I i um et hoxyet hoxi de, gallium di propoxy(ethyl
acet oacetate), gallium di butoxy(ethyl acetoacetate),
gal I i um propoxy bis(ethyl acetoacetate), gallium butoxy
bi s(et hyl acetoacetate), gallium 2, 4-pent anedi onat e,
gallium 2, 2,6, 6-tetranet hyl - 3, 5- hept anedi onate, and the
i ke.

[0118]

When U is yttrium exanples of the hydrol ysable
met al conpound shown by the general fornmula (Mm include
yttrium nmet hoxi de, yttrium ethoxide, yttrium propoxide,
yttrium butoxide, yttrium anyl oxi de, yttrium hexyl oxi de,
yttrium cycl opentoxide, yttrium cycl ohexyl oxide, yttrium
al l yl oxi de, yttrium phenoxide, yttrium methoxyethoxi de,
yttrium et hoxyet hoxi de, yttrium di propoxy(ethyl
acet oacetate), yttrium di butoxy(ethyl acetoacetate),
yttrium propoxy bis(ethyl acetoacetate), yttrium butoxy
bi s(et hyl acetoacetate), yttrium 2, 4-pentanedi onate,
yttrium 2,2, 6, 6-tetranet hyl -3, 5- hept anedi onate, and the
i ke.

[0119]
When U is germani um exanples of the hydrol ysable

60



metal compound shown by the general formula (Mv include
ger mani um net hoxi de, ger mani um et hoxi de, ger mani um
propoxi de, germani um but oxi de, ger mani um anyl oxi de,

ger mani um hexyl oxi de, germani um cycl opent oxi de,

ger mani um cycl ohexyl oxi de, germani um al | yl oxi de,

ger mani um phenoxi de, ger mani um nmet hoxyet hoxi de,

ger mani um et hoxyet hoxi de, and the 1|ike.

[ 0120]

When U is titanium exanmples of the hydrol ysable
metal conmpound shown by the general formula (Mv include
titani um net hoxi de, titanium ethoxide, titanium
propoxi de, titanium butoxide, titanium anyl oxi de,
titani um hexyl oxi de, titanium cycl opentoxide, titanium
cycl ohexyl oxi de, titanium allyl oxide, titanium phenoxide,
titani um nmet hoxyet hoxi de, titanium ethoxyethoxi de,
titani um di propoxy bis(ethyl acetoacetate), titanium
di but oxy bis(ethyl acetoacetate), titanium dipropoxy
bi s(2, 4- pent anedi onate), titanium di butoxy bis(2, 4-
pent anedi onate), and the Iike.

[0121]

When U is hafnium exanples of the hydrol ysable
met al conpound shown by the general fornmula (Mm include
haf ni um nmet hoxi de, haf ni um et hoxi de, haf ni um propoxi de,
haf ni um but oxi de, haf ni um anyl oxi de, haf ni um hexyl oxi de,
haf ni um cycl opent oxi de, hafni um cycl ohexyl oxi de, haf ni um
al I yl oxi de, hafni um phenoxi de, hafni um met hoxyet hoxi de,
haf ni um et hoxyet hoxi de, haf ni um di propoxy bi s(ethyl
acet oacetate), hafnium di butoxy bis(ethyl acetoacetate),
haf ni um di propoxy bi s(2, 4- pent anedi onate), hafni um
di but oxy bis(2, 4-pentanedi onate), and the |ike.

[0122]
When U is tin, exanples of the hydrol ysabl e netal

conpound shown by the general formula (Mr) include
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met hoxy tin, ethoxy tin, propoxy tin, butoxy tin,
phenoxy tin, methoxyethoxy tin, ethoxyethoxy tin, tin
2, 4- pent anedi onate, tin 2,2,6,6-tetranmethyl -3, 5-

hept anedi onate, and the |ike.

[0123]

When U is arsenic, exanples of the hydrol ysable
met al conpound shown by the general fornmula (Mm include
met hoxy arsenic, ethoxy arsenic, propoxy arsenic, butoxy
arseni c, phenoxy arsenic, and the |iKke.

[ 0124]

When U is antinony, exanmples of the hydrol ysable
met al conpound shown by the general fornmula (Mm include
met hoxy anti nony, ethoxy antinony, propoxy antinony,
but oxy anti nony, phenoxy antinony, antinony acetate,
anti mony propionate, and the |iKke.

[ 0125]

VWhen U i s niobium exanples of the hydrol ysable
met al conpound shown by the general fornmula (Mm include
met hoxy ni obi um ethoxy niobium propoxy niobium butoxy
ni obi um phenoxy ni obium and the |ike.

[ 0126]

When U is tantalum exanples of the hydrol ysable
met al conpound shown by the general fornmula (Mm include
met hoxy tantalum ethoxy tantalum propoxy tantalum
but oxy tantalum phenoxy tantalum and the |ike.

[0127]

When U is bisnuth, exanples of the hydrol ysable
metal conmpound shown by the general formula (Mv include
met hoxy bi smut h, ethoxy bisnmuth, propoxy bisnuth, butoxy
bi smut h, phenoxy bismuth, and the |ike.

[ 0128]
When U i s phosphorus, exanples of the hydrol ysable

metal conmpound shown by the general formula (Mv include
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trimethyl phosphate, triethyl phosphate, tripropyl
phosphate, trinmethyl phosphite, triethyl phosphite,
tripropyl phosphite, diphosphorous pentaoxide, and the
like.

[0129]

When U is vanadium exanmples of the hydrol ysable
met al conpound shown by the general fornmula (Mm include
vanadi um oxi de bi s(2, 4- pent anedi onate), vanadium 2, 4-
pent anedi onat e, vanadi um tri but oxi de oxi de, vanadi um
tripropoxi de oxide, and the |ike.

[ 0130]

When U is zirconium exanples of the hydrol ysable
met al conpound shown by the general fornmula (Mm include
met hoxy zirconium ethoxy zirconium propoxy zirconi um
but oxy zirconium phenoxy zirconium zirconium
di but oxi de bi s(2, 4- pent anedi onate), zirconium
di propoxi de bis(2, 2,6, 6-tetranethyl-3,5-heptanedi onate),
and the |ike.

[0131]

In the inventive conposition for formng a
silicon-containing resist underlayer film the thermally
crosslinkabl e polysiloxane (Sx) is preferably contained
i n an amount of, for exanple, 0.1 to 10 mass% rel ative
to the sol vent.

[0132]
[ Acid Generator]

The inventive conmposition for formng a silicon-
contai ning resist underlayer film preferably further
contains an acid generator. One or nore kinds of the
acid generator can be contained. As the acid generator,
any substance may be used, for exanple, a thernmal acid
generator, a photo-acid generator, or an acid anplifier,

as long as the substance functions as an acid precursor.
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In the present invention, it is preferable that the acid
generator is a photo-acid generator, which generates an
acid by the action of a high-energy beam and nore
preferable that the acid generator to be contained is a
sulfoniumsalt and is a photo-acid generator, which
generates an acid by the action of a high-energy beam
Furt her specific exanples include nmaterials shown in
paragraphs [0160] to [0179] of JP2009-126940A, but are
not limted thereto. The acid generator is preferably
contained in an ampunt of 0 to 10 parts by mass, nore
preferably 0.1 to 5 parts by mass based on 100 parts by
mass of the thermally crosslinkable polysiloxane (Sx).
[0133]

[ & her Conponent s]

(Crosslinking Catal yst)

The inventive conmposition for formng a silicon-
containing resist underlayer film may contain another
crosslinking catalyst (Xc) in addition to the polyval ent
ammoni um salt conpound represented by the genera
formula (A-1). Exanmples of crosslinking catalysts (Xc)
t hat can be added i nclude conpounds represented by the
foll ow ng general fornula (XcO).

LaHbA  ( XcO)

In the general formula (Xc0O), L represents lithium
sodi um potassium rubidium cesium sulfonium iodonium
phosphoni um or ammonium A represents a non-
nucl eophilic counter ion; “a” represents an integer of 1
or nore; “b” represents 0 or an integer of 1 or nore;
and a + b is a valence of the non-nucl eophilic counter
i on.

[ 0134]
As exanpl es of crosslinking catalysts (Xc) that

may be used in the present invention, specific exanples
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of the compounds represented by the general fornula
(Xc0) include a sulfoniumsalt of the foll owi ng general
formula (Xc-1), an iodoniumsalt of the follow ng
general formula (Xc-2), a phosphonium salt of the
foll ow ng general fornula (Xc-3), an anmoni um salt of
the follow ng general formula (Xc-4), an alkaline neta
salt, and the I|ike.
[ 0135]

Exanpl es of the sulfoniumsalt (Xc-1), the
i odonium salt (Xc-2), the phosphoniumsalt (Xc-3), and
t he ammoni um salt (Xc-4) include the follow ng.
[ 0136]

R 05 Rio“/Rzos Rfo“/Rzos
N A A 207 A
R206 A R206 R

(Xe-1) (Xc-2) (Xc-3)
Rﬁ” R208
-~
N 6

R210 ‘Rzog A

(Xc-4)
In the fornul ae, R204, R205 R206  gnd R207 each

represent a |inear, branched, or cyclic al kyl group,
al kenyl group, oxoal kyl group, or oxoal kenyl group
having 1 to 12 carbon atonms, a substituted or
unsubstituted aryl group having 6 to 20 carbon atons, or
an aral kyl group or aryl oxoal kyl group having 7 to 12
carbon atons; part or all of the hydrogen atons of these
groups are optionally substituted with an al koxy group
or the like. Additionally, R205 and R206 mpy form a ring;
when a ring is fornmed, R205 and R206 each represent an

al kyl ene group having 1 to 6 carbon atoms. A
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represents a non-nucl eophilic counter ion. R208 R209
R210, and R211 are the sane as R204, R205 R206  agnd R207, or
may each be a hydrogen atom R208 and R209, or Re208 R209
and R210 mpy forma ring; when a ring is formed, R20% and
R209  or R208 R209 gnd R210, represent an al kyl ene group
having 3 to 10 carbon atomns.

[0137]

R04  RR05 R06  R07 R208  R209  R210 gnd Rl may be
identical to or different from one another.
Specifically, exanples of the al kyl group include a
met hyl group, an ethyl group, a propyl group, an
i sopropyl group, an n-butyl group, a sec-butyl group, a
tert-butyl group, a pentyl group, a hexyl group, a
heptyl group, an octyl group, a cyclopentyl group, a
cycl ohexyl group, a cycl oheptyl group, a
cycl opropyl met hyl group, a 4-nethylcycl ohexyl group, a
cycl ohexyl net hyl group, a norbornyl group, an adamantyl
group, and the like. Exanples of the al kenyl group
i nclude a vinyl group, an allyl group, a propenyl group,
a butenyl group, a hexenyl group, a cycl ohexenyl group,
and the |ike. Exanples of the oxoal kyl group include a
2- oxocycl opentyl group, a 2-oxocycl ohexyl group, a 2-
oxopropyl group, a 2-cyclopentyl-2-oxoethyl group, a 2-
cycl ohexyl - 2- oxoet hyl group, a 2-(4-nethyl cycl ohexyl)-2-
oxoet hyl group, and the |ike. Exanples of the
oxoal kenyl group include a 2-oxopropenyl group, a 2-
oxobut enyl group, a 2-oxohexenyl group, a 2-
oxocycl opent enyl group, a 2-oxocycl ohexenyl group, and
the like. Exanples of the aryl group include a phenyl
group, a naphthyl group, and the like; al koxyphenyl
groups, such as a p-nethoxyphenyl group, an m
met hoxyphenyl group, an o-nmet hoxyphenyl group, an
et hoxyphenyl group, a p-tert-butoxyphenyl group, and an
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mtert-butoxyphenyl group; alkylphenyl groups, such as a
2- met hyl phenyl group, a 3-nethyl phenyl group, a 4-
met hyl phenyl group, an ethyl phenyl group, a 4-tert-
butyl phenyl group, a 4-butyl phenyl group, and a
di net hyl phenyl group; al kyl napht hyl groups, such as a
met hyl napht hyl group and an et hyl napht hyl group;
al koxynapht hyl groups, such as a net hoxynaphthyl group
and an et hoxynapht hyl group; dial kyl napht hyl groups,
such as a di met hyl napht hyl group and a di et hyl napht hyl
group; dial koxynapht hyl groups, such as a
di met hoxynapht hyl group and a di et hoxynapht hyl group;
and the |ike. Exanples of the aral kyl group include a
benzyl group, a phenylethyl group, a phenethyl group,
and the |ike. Exanples of the aryl oxoal kyl group
i nclude 2-aryl-2-oxoethyl groups such as a 2-phenyl - 2-
oxoet hyl group, a 2-(1-naphthyl)-2-oxoethyl group, and a
2- (2-napht hyl ) - 2-oxoet hyl group; and the |ike.
[ 0138]

Exanpl es of the non-nucl eophilic counter ion A in
(Xc-1) to (Xc-4) include nonoval ent ions, such as
hydr oxi de ion, formate ion, acetate ion, propionate ion,
but anoat e i on, pentanoate ion, hexanoate ion, heptanoate
I on, octanoate ion, nonanoate ion, decanoate ion, oleate
ion, stearate ion, linoleate ion, linolenate ion,
benzoate ion, phthalate ion, isophthalate ion,
terephthal ate ion, salicylate ion, trifluoroacetate ion,
nonochl oroacetate ion, dichloroacetate ion,
trichloroacetate ion, fluoride ion, chloride ion,
brom de ion, iodide ion, nitrate ion, nitrite ion,
chlorate ion, bromate ion, nethanesulfonate ion,
par at ol uenesul fonate i on, and nononet hyl sul fate ion;
nonoval ent or divalent ions such as oxal ate ion,

mal onate ion, nethyl mlonate ion, ethylnmalonate ion,
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propyl mal onate ion, butyl mal onate ion, dinmethyl mlonate
i on, diethylmlonate ion, succinate ion, nmethylsuccinate
ion, glutarate ion, adipate ion, itaconate ion, naleate
ion, fumarate ion, citraconate ion, citrate ion,
carbonate ion, sulfate ion, and the I|ike.

[0139]

Exanpl es of the al kaline nmetal salt include salts
of lithium sodium potassium cesium magnesium and
cal cium nmonoval ent salts, such as hydroxi de, formate,
acetate, propionate, butanoate, pentanoate, hexanoate,
hept anoat e, octanoate, nonanoate, decanoate, ol eate,
stearate, linoleate, |linolenate, benzoate, phthal ate,

I sopht hal ate, terephthal ate, salicylate,
trifluoroacetate, nonochl oroacetate, dichloroacetate,
and trichl oroacetate; nonoval ent or divalent salts, such
as oxal ate, mal onate, nethyl mal onate, ethyl mal onate,
propyl mal onat e, butyl mal onate, di methyl mal onat e,

di et hyl mal onate, succinate, nethylsuccinate, glutarate,
adi pate, itaconate, maleate, fumarate, citraconate,
citrate, carbonate, and the |ike.

[ 0140]

Specific exanples of the sulfoniumsalt (Xc-1)

i nclude triphenyl sul fonium formate, triphenyl sulfonium
acetate, triphenyl sulfonium propionate,

tri phenyl sul foni um but anoate, triphenyl sul foni um
benzoate, triphenyl sul foni um phthal at e,

tri phenyl sul fonium i sophthal ate, triphenyl sul foni um
terepht hal ate, triphenyl sul fonium salicyl ate,

tri phenyl sulfoniumtrifluoromethanesul fonat e,

tri phenyl sulfoniumtrifluoroacetate, triphenyl sul fonium
monochl oroacetate, triphenyl sul fonium di chloroacet at e,
tri phenyl sulfoniumtrichl oroacetate, triphenyl sul fonium

hydr oxi de, triphenyl sulfoniumnitrate,
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tri phenyl sul fonium chl oride, triphenyl sul fonium brom de,
tri phenyl sul foni um oxal ate, tri phenyl sul foni um nmal onat e,
tri phenyl sul foni um nmet hyl mal onate, triphenyl sul fonium
et hyl mal onate, tri phenyl sul foni um propyl mal onat e,
tri phenyl sul foni um butyl mal onate, triphenyl sul foni um
di met hyl mal onate, triphenyl sul foni um di et hyl mal onat e,
tri phenyl sul foni um succinate, triphenyl sul foni um
met hyl succi nate, triphenyl sul foni um gl utarate,
tri phenyl sul foni um adi pate, triphenyl sulfoniumitaconate,
tri phenyl sul foni um mal eate, tri phenyl sul fonium fumarat e,
tri phenyl sul fonium citraconate, triphenyl sul fonium
citrate, triphenylsulfonium carbonate,
bi stri phenyl sul foni um oxal ate, bistriphenyl sul foni um
mal eat e, bistriphenyl sul fonium funmarate,
bi stri phenyl sul fonium citraconate, bistriphenyl sulfonium
citrate, bistriphenylsulfoniumcarbonate, and the I|ike.
[ 0141]

Specific exanples of the iodoniumsalt (Xc-2)
i ncl ude di phenyliodoni um formate, di phenyliodoni um
acetate, diphenyliodonium propionate, diphenyliodoni um
but anoat e, di phenyli odoni um benzoate, di phenyliodoni um
pht hal at e, di phenyli odoni um i sopht hal at e,
di phenyl i odoni um t er epht hal ate, di phenyli odoni um
salicylate, diphenyliodoniumtrifluoronmethanesulfonate,
di phenyli odoniumtrifluoroacetate, diphenyliodonium
nonochl or oacet ate, di phenyli odoni um di chl or oacet at e,
di phenyli odonium trichl oroacetate, di phenyliodonium
hydr oxi de, di phenyliodoniumnitrate, diphenyliodonium
chl ori de, di phenyliodoni um brom de, di phenyliodoni um
i odi de, di phenyliodoni um oxal ate, di phenyliodoni um
mal eat e, di phenyliodonium fumarate, di phenyliodoni um
citraconate, diphenyliodoniumcitrate, diphenyliodonium

carbonat e, bisdi phenyli odoni um oxal at e,
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bi sdi phenyl i odoni um mal eat e, bi sdi phenyl i odoni um
fumar ate, bisdi phenyliodonium citraconate,
bi sdi phenyl i odonium citrate, bisdi phenyliodoni um
carbonate, and the I|ike.
[0142]

Speci fic exanpl es of the phosphonium salt (Xc-3)
i nclude tetraethyl phosphoni um for mat e,
tetraet hyl phosphoni um acet ate, tetraethyl phosphoni um
propi onate, tetraethyl phosphoni um butanoat e,
t etraet hyl phosphoni um benzoate, tetraethyl phosphoni um
pht hal ate, tetraethyl phosphoni um i sopht hal at e,
tetraet hyl phosphoni um t er epht hal at e,
tetraet hyl phosphoni um salicylate, tetraethyl phosphoni um
trifluoronmethanesul fonate, tetraethyl phosphoni um
trifluoroacetate, tetraethyl phosphoni um
nonochl oroacetate, tetraethyl phosphoni um di chl oroacet at e,
tetraet hyl phosphonium trichl oroacetate,
t etraet hyl phosphoni um hydr oxi de, tetraethyl phosphoni um
nitrate, tetraethyl phosphoni um chl oride,
t etraet hyl phosphoni um broni de, tetraethyl phosphoni um
i odi de, tetraethyl phosphoni um oxal at e,
tetraet hyl phosphoni um mal eate, tetraethyl phosphoni um
fumarate, tetraethyl phosphonium citraconate,
tetraet hyl phosphoniumcitrate, tetraethyl phosphoni um
carbonat e, bistetraethyl phosphoni um oxal at e,
bi st etraet hyl phosphoni um mal eat e,
bi st etraet hyl phosphoni um f umar at e,
bi st et raet hyl phosphoni um ci traconat e,
bi st et raet hyl phosphonium citrate,
bi st et raet hyl phosphoni um car bonat e,
t et raphenyl phosphoni um formate, tetraphenyl phosphoni um
acetate, tetraphenyl phosphoni um propi onat e,

t etraphenyl phosphoni um but anoate, tetraphenyl phosphoni um
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benzoate, tetraphenyl phosphoni um pht hal at e,
t et raphenyl phosphoni um i sopht hal at e,
t etraphenyl phosphoni um t er epht hal at e,
t etraphenyl phosphoni um sal i cyl at e,
t etraphenyl phosphonium tri fl uoronet hanesul f onat e,
t etraphenyl phosphoniumtrifl uoroacet at e,
t et raphenyl phosphoni um nonochl or oacet at e,
tetraphenyl phosphoni um di chl or oacet at e,
t etraphenyl phosphoni um tri chl or oacet at e,
t etraphenyl phosphoni um hydr oxi de, tetraphenyl phosphoni um
nitrate, tetraphenyl phosphoni um chl ori de,
t et raphenyl phosphoni um brom de, tetraphenyl phosphoni um
I odi de, tetraphenyl phosphoni um oxal at e,
t et raphenyl phosphoni um mal eate, tetraphenyl phosphoni um
fumarate, tetraphenyl phosphonium citraconate,
t etraphenyl phosphoniumcitrate, tetraphenyl phosphoni um
carbonate, bistetraphenyl phosphoni um oxal at e,
bi st et raphenyl phosphoni um nal eat e,
bi st et raphenyl phosphoni um f unar at e,
bi st et raphenyl phosphoni um ci traconat e,
bi st et raphenyl phosphoniumcitrate,
bi st et raphenyl phosphoni um carbonate, and the |ike.
[ 0143]
Specific exanples of the ammonium salt (Xc-4)
i nclude tetramethyl ammoni um formate, tetramethyl anmoni um
acetate, tetranethyl amoni um propi onat e,
t et ranmet hyl ammoni um but anoat e, tetramethyl anmoni um
benzoate, tetramethylammoni um pht hal at e,
t etramet hyl ammoni um i sopht hal ate, tetranmethyl ammoni um
t erepht hal ate, tetranethyl ammoni um salicyl at e,
tetramet hyl ammoni um trifl uor onmet hanesul f onat e,
tetranmet hyl ammoni um trifl uoroacet ate,

t et ramet hyl ammoni um nonochl or oacet at e,
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t et ramet hyl ammoni um di chl or oacet ate, tetranethyl ammoni um
trichloroacetate, tetramethylamoni um hydroxi de,
tetramet hyl ammoni um nitrate, tetranmethyl ammoni um

chl ori de, tetranethyl amoni um brom de

t et ranmet hyl amoni um i odi de, tetramet hyl ammoni um
nonomnet hyl sul fate, tetranmethyl ammoni um oxal at e,
tetranmet hyl ammoni um mal onate, tetramethyl anmoni um

mal eat e, tetranethyl ammoni um fumar at e,

t etramet hyl ammoni um ci traconate, tetranmethyl ammoni um
citrate, tetranethyl amoni um carbonat e,

bi st et ramet hyl ammoni um oxal at e, bi stetranethyl amoni um
mal onat e, bi stetranmet hyl ammoni um nmal eat e,

bi st et ramet hyl ammoni um fumar at e, bi stetranmet hyl anmoni um
citraconate, bistetramethylamoniumcitrate,

bi st et ramet hyl ammoni um car bonate, tetraethyl anmoni um
formate, tetraethylamoni um acetate, tetraethyl anmoni um
propi onate, tetraethyl anmoni um but anoat e,

tetraet hyl ammoni um benzoate, tetraethyl anmoni um
pht hal ate, tetraethylamoni um i sopht hal at e,
tetraet hyl ammoni um t erepht hal ate, tetraethyl ammoni um
salicylate, tetraethylamonium trifl uoromethanesul fonate,
tetraethylammoniumtrifluoroacetate, tetraethyl anmoni um
nmonochl oroacetate, tetraethylammoni um di chl oroacet at e,
tetraet hyl ammonium trichl oroacetate, tetraethyl anmoni um
hydr oxi de, tetraethylamonium nitrate,

tetraet hyl ammoni um chl ori de, tetraethyl ammoni um brom de,
tetraet hyl ammoni um i odi de, tetraethyl anmoni um
nonomet hyl sul fate, tetraethyl ammoni um oxal at e,

t etraet hyl ammoni um mal onate, tetraethyl ammoni um nal eat e,
tetraet hyl amoni um fumarate, tetraethyl anmoni um
citraconate, tetraethylammoniumcitrate,

tetraet hyl ammoni um car bonat e, bistetraethyl amoni um

oxal ate, bistetraethyl anmoni um mal onat e,
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bi st et raet hyl ammoni um nal eat e, bi stetraethyl anmoni um
fumarate, bistetraethylammonium citraconate

bi stetraet hyl ammoni um citrate, bistetraethyl amoni um
carbonate, tetrapropyl anmoni um for nat e,
tetrapropyl ammoni um acetate, tetrapropyl anmmoni um

propi onate, tetrapropyl anmoni um but anoat e,
tetrapropyl amoni um benzoate, tetrapropyl amoni um
pht hal ate, tetrapropyl anmoni um i sopht hal at e,
tetrapropyl amoni um t erepht hal ate, tetrapropyl anmoni um
salicylate, tetrapropyl anmoni um
trifluoronethanesul fonate, tetrapropyl ammoni um
trifluoroacetate, tetrapropyl anmoni um nonochl or oacet at e,
tetrapropyl ammoni um di chl or oacet ate, tetrapropyl amoni um
trichl oroacetate, tetrapropyl amoni um hydroxi de,
tetrapropyl ammonium nitrate, tetrapropyl ammoni um

chl oride, tetrapropyl amoni um brom de
tetrapropyl ammoni um i odi de, tetrapropyl anmoni um
mononet hyl sul fate, tetrapropyl ammoni um oxal at e,
tetrapropyl ammoni um mal onate, tetrapropyl anmoni um

mal eate, tetrapropyl amoni um fumar at e
tetrapropyl ammoni um ci traconate, tetrapropyl anmmoni um
citrate, tetrapropyl anmmoni um carbonat e,

bi st et rapropyl ammoni um oxal ate, bi stetrapropyl amoni um
mal onat e, bi stetrapropyl ammoni um nal eat e,

bi st et rapropyl ammoni um fumar at e, bi stetrapropyl anmoni um
citraconate, bistetrapropylamoniumcitrate,

bi st et rapropyl ammoni um car bonate, tetrabutyl ammoni um
format e, tetrabutylamoni um acetate, tetrabutylanmoni um
propi onate, tetrabutyl anmoni um but anoat e,

t et rabut yl ammoni um benzoate, tetrabutyl amoni um
pht hal ate, tetrabutylamoni um i sopht hal at e,

tetrabut yl ammoni um t er epht hal ate, tetrabutyl anmmoni um

salicylate, tetrabutylammonium trifluoromethanesul fonate,
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tetrabutyl ammoniumtrifluoroacetate, tetrabutylanmoni um
nmonochl oroacet ate, tetrabutylammoni um di chl oroacet at e,
tetrabutyl ammoniumtrichl oroacetate, tetrabutyl anmoni um
hydr oxi de, tetrabutylamonium nitrate,
t etrabut yl ammoni um chl ori de, tetrabutyl amoni um brom de,
t et rabut yl ammoni um i odi de, tetrabutyl anmoni um
met hanesul fonate, tetrabutyl anmoni um nononet hyl sul f at e,
t et rabut yl ammoni um oxal ate, tetrabutyl amoni um nmal onat e,
t etrabut yl ammoni um nmal eate, tetrabutyl amoni um fumar at e,
t etrabutyl amoni um citraconate, tetrabutyl anmoni um
citrate, tetrabutyl ammoni um carbonat e,
bi st et rabut yl ammoni um oxal ate, bi stetrabutyl anmoni um
mal onat e, bi stetrabutyl anmoni um nmal eat e,
bi st et rabut yl ammoni um fumar at e, bi stetrabutyl anmoni um
citraconate, bistetrabutylamoniumcitrate,
bi st et rabutyl ammoni um carbonate, and the |ike.
[0144]

Exanpl es of the al kaline nmetal salt include
lithiumformate, |ithium acetate, |ithium propionate,
i thium butanoate, |ithium benzoate, |ithium phthal ate,
l'ithiumisophthalate, lithiumterephthalate, |ithium
salicylate, lithiumtrifluoronethanesul fonate, |ithium
trifluoroacetate, |ithium nonochl oroacetate, |ithium
di chl oroacetate, lithiumtrichl oroacetate, lithium
hydroxide, lithiumnitrate, lithiumchloride, |ithium
brom de, lithiumiodide, |ithium nethanesul fonate,
l'i thium hydrogen oxal ate, |ithium hydrogen mal onate,
l'i thium hydrogen nal eate, |ithium hydrogen funarate,
i thium hydrogen citraconate, |ithium hydrogen citrate,
l'i thium hydrogen carbonate, |ithium oxalate, |ithium
mal onate, lithiummleate, lithium fumrate, |ithium
citraconate, lithiumcitrate, lithium carbonate, sodium

format e, sodium acetate, sodium propionate, sodium
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but anoat e, sodi um benzoate, sodium phthal ate, sodi um
i sopht hal ate, sodium terephthal ate, sodium salicylate,
sodiumtrifluoronethanesul fonate, sodi um
trifluoroacetate, sodi um nonochl oroacetate, sodi um
di chl oroacetate, sodiumtrichloroacetate, sodi um
hydr oxi de, sodium nitrate, sodium chloride, sodium
brom de, sodium i odide, sodi um nethanesul fonate, sodi um
hydr ogen oxal ate, sodi um hydrogen mal onate, sodi um
hydrogen mal eate, sodi um hydrogen fumarate, sodium
hydrogen citraconate, sodium hydrogen citrate, sodi um
hydrogen car bonate, sodi um oxal ate, sodi um mal onat e,
sodi um nmal eate, sodium fumarate, sodium citraconate,
sodiumcitrate, sodium carbonate, potassium fornate,
pot assi um acetate, potassium propionate, potassium
but anoat e, potassi um benzoate, potassium phthal ate,
pot assi um i sopht hal ate, potassium terephthal at e,
pot assi um salicyl ate, potassium
trifluoromet hanesul fonate, potassiumtrifluoroacetate,
pot assi um nonochl or oacet at e, potassi um di chl or oacet at e,
potassiumtrichl oroacetate, potassium hydroxide,
potassium nitrate, potassium chloride, potassium brom de,
pot assi um i odi de, potassi um nmet hanesul fonate, potassium
hydr ogen oxal ate, potassi um hydrogen mal onate, potassium
hydrogen mal eate, potassi um hydrogen funmarate, potassium
hydrogen citraconate, potassium hydrogen citrate,
pot assi um hydrogen car bonate, potassium oxal at e,
pot assi um mal onat e, potassium mal eate, potassium
fumarate, potassiumcitraconate, potassiumcitrate,
pot assi um car bonate, and the |ike.
[ 0145]

In the present invention, as the crosslinking
catal yst (Xc), the conposition for formng a resi st

underlayer film may contain a polysiloxane (Xc-10)
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havi ng an ammonium salt, a sulfoniumsalt, a phosphoni um
salt, or an iodoniumsalt as part of the structure.
[ 0146]

As a raw material for producing (Xc-10) used here,
it is possible to enploy a conpound represented by the
foll ow ng general fornula (Xm:

RIAAIRZA0 R3ANA3ST ( OROA) (4- A1- A2- A3) ( Xm

In the general fornmula (Xm, ROA represents a
hydr ocar bon group having 1 to 6 carbon atons; at | east
one of R!A R2A and RSA represents an organic group
havi ng the anmmonium salt, the sulfoniumsalt, the
phosphoni um salt, or the iodoniumsalt; the other(s) of
R1A R2A; and R3A represent a hydrogen atom or a
nonoval ent organic group having 1 to 30 carbon atons;
and Al, A2, and A3 each represent 0 or 1, given that 1 <
Al + A2 + A3 < 3.

[ 0147]

Here, exanples of R°A include a nethyl group, an
et hyl group, an n-propyl group, an iso-propyl group, an
n- butyl group, an iso-butyl group, a sec-butyl group, a
tert-butyl group, an n-pentyl group, a cyclopentyl group,
an n-hexyl group, a cycl ohexyl group, and a phenyl group.
[ 0148]

Exanpl es of Xminclude a conpound represented by
the follow ng general formula (Xm 1), being a
hydrol ysabl e silicon conpound having a structure
partially containing a sulfoniumsalt.

@ $SA1

o, 3
X RSA2

RSAS—(si) (Xm—1)
[ 0149]

In the general forrmula (Xm 1), RSAl and RSA2 each

represent a |inear, branched, or cyclic al kyl group,
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al kenyl group, oxoal kyl group, or oxoal kenyl group
having 1 to 20 carbon atonms, a substituted or
unsubstituted aryl group having 6 to 20 carbon atons, or
an aral kyl group or aryl oxyal kyl group having 7 to 20
carbon atons; and sone or all of the hydrogen atons of
t hese groups are optionally substituted with an al koxy
group, an am no group, an al kylam no group, a hal ogen
atom or the like. Mreover, RSAl and RS2 may form a
ring together with a sulfur atom bonded to RSAl and RSA?%;
and when a ring is formed, RSAlL and RSA2 each represent an
al kyl ene group having 1 to 6 carbon atons. RSA
represents a linear, branched, or cyclic al kyl ene group
or al kenyl ene group having 1 to 20 carbon atonms, or a
substituted or unsubstituted arylene group having 6 to
20 carbon atons; and sone or all of the hydrogen atons
of these groups are optionally substituted with an
al koxy group, an am no group, an al kylam no group, or
the |ike.
[ 0150]

In the general forrmula (Xm1), (Si) shows an
attachment point to Si.
[ 0151]

Exampl es of X include hydroxide ion, fluoride ion,
chloride ion, brom de ion, iodide ion, formate ion,
acetate ion, propionate ion, butanoate ion, pentanoate
i on, hexanoate ion, heptanoate ion, octanoate ion,
nonanoate ion, decanoate ion, oleate ion, stearate ion,
i noleate ion, linolenate ion, benzoate ion, p-
nmet hyl benzoate ion, p-t-butyl benzoate ion, phthalate ion,
i sopht hal ate ion, terephthalate ion, salicylate ion,
trifluoroacetate ion, nonochl oroacetate ion
di chl oroacetate ion, trichloroacetate ion, nitrate ion,

chl orate ion, perchlorate ion, bromate ion, iodate ion,
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nmet hanesul fonate i on, benzenesul fonate ion,
t ol uenesul fonate ion, nononethyl sulfate ion, hydrogen
sul fate ion, oxalate ion, malonate ion, nethylmal onate

i on, ethylmal onate ion, propyl mlonate ion,

butyl mal onate ion, dimethylmal onate ion, diethylmlonate

i on, succinate ion, nethylsuccinate ion, glutarate ion,
adi pate ion, itaconate ion, naleate ion, fumarate ion
citraconate ion, citrate ion, carbonate ion, and the
l'ike.

[ 0152]

Specific exanples of the cation noiety of the
conpound represented by the general formula (Xm1)

i ncl ude the follow ng ions.
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Exanpl es of Xminclude a conpound represented by



the follow ng general formula (Xm2), being a
hydrol ysabl e silicon conpound having a structure
partially containing an iodonium salt.

@
A1 RIA2__ g
R —R (Si) (Xm—2)
©
X

In the general forrmula (Xm2), RA! represents a
| i near, branched, or cyclic al kyl group, alkenyl group,
oxoal kyl group, or oxoal kenyl group having 1 to 20
carbon atons, a substituted or unsubstituted aryl group
having 6 to 20 carbon atoms, or an aral kyl group or an
aryl oxoal kyl group having 7 to 20 carbon atons; sonme or
all of the hydrogen atonms of these groups are optionally
substituted with an al koxy group, an am no group, an
al kyl am no group, a halogen atom or the |like. RA
represents a linear, branched, or cyclic al kyl ene group
or al kenyl ene group having 1 to 20 carbon atons, or a
substituted or unsubstituted arylene group having 6 to
20 carbon atons; and sone or all of the hydrogen atons
of these groups are optionally substituted with an
al koxy group, an am no group, an al kylam no group, or
the |ike.

[ 0154]

Note that in the general fornula (Xm2), (Si)
shows an attachnent point to Si. X is as defined above.
[ 0155]

Specific exanples of the cation nmoiety of the
conpound represented by the general formula (Xm2)

i nclude the follow ng ions.
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[0156]

CHz%SI) CaHs—(SI) CHg (Si NH —C3Hs—(Si)
ot o oo o
NS O CHS Sy oS0
@@ @@<&@ M@
CI—TQNH CaHg(Si) o oS ocm () oo C3H5 ()
ocH,  cplE & OCH quH CsHg—(Si) OCHS CaHe—(Si) SH(sh
@L@ &G o b
e (5D F EHc;HQ (s oo T Nk
oy el oS OB

[ 0157]

Exanpl es of Xminclude a conpound represented by
the followi ng general forrmula (Xm 3), being a
hydrol ysabl e silicon conpound having a structure
partially containing a phosphonium salt.

RF’A‘I
@
RPAQ F‘) RPA4 (SI) (Xm— 3)
9)( RPAS

In the general forrmula (Xm 3), RPAL, RPA2) and RPA3
each represent a |inear, branched, or cyclic alkyl group,
al kenyl group, oxoal kyl group, or oxoal kenyl group
having 1 to 20 carbon atons, a substituted or
unsubstituted aryl group having 6 to 20 carbon atons, or
an aral kyl group or an aryl oxoal kyl group having 7 to 20
carbon atons; and part or all of the hydrogen atons of
t hese groups are optionally substituted with an al koxy
group, an am no group, an al kylam no group, a hal ogen
atom or the like. Mreover, RPAL and RPA2 may form a

ring together with a phosphorus at om bonded to RPAL and
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RPA2; and when a ring is formed, RPAL and RPA2 each
represent an al kyl ene group having 1 to 6 carbon atons.
RPA4 represents a linear, branched, or cyclic al kyl ene
group or al kenylene group having 1 to 20 carbon atons,

or a substituted or unsubstituted arylene group having 6
to 20 carbon atons; and part or all of the hydrogen
atonms of these groups are optionally substituted with an
al koxy group, an am no group, an al kylam no group, or
the like.

[ 0158]

Note that in the general fornula (Xm3), (Si)
shows an attachnent point to Si. X is as defined above.
[ 0159]

Specific exanples of the cation noiety of the
conpound represented by the general formula (Xm3)

i ncl ude the follow ng ions.
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[0161]
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[0162]
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CH;—(8)
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.
CH,

__NH-C3Hs—(Si)
i

Exanpl es of Xminclude a compound represented by

the follow ng general

formula (Xm4),

bei ng a

hydrol ysabl e silicon conpound having a structure

partially containing an ammoni um sal t.

RNA1
\
RNA@*N RNA4 _(S |)

X ( RNA3)nN3

I n the genera

)

each represent
cyclic al kyl group,
oxoal kenyl
substituted or

carbon atons, or

having 7 to 20 carbon atons;

al kenyl

an aral kyl

(Xm—4)

formula (Xm4),

unsubstituted aryl

group or

a hydrogen atom a |inear,

group,
group having 1 to 20 carbon atons, a

oxoal kyl

and sone or

RNAL - RNA2

aryl oxyal kyl
al

and RW3

branched, or
group, or

group having 6 to 20

group
of the

hydrogen atons of these groups are optionally
substituted with an al koxy group,
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al kyl am no group, or the like. Mreover, RV and RW
may forma ring together with a nitrogen atom bonded to
RMAL and RW2; and when a ring is formed, RW and RV each
represent an al kyl ene group having 1 to 6 carbon atons
or a cyclic heterocyclic ring or heteroaromatic ring
contai ning nitrogen. RW represents a |inear, branched,
or cyclic al kylene group or al kenyl ene group having 1 to
20 carbon atoms, or a substituted or unsubstituted
aryl ene group having 6 to 20 carbon atons; and some or
all of the hydrogen atons of these groups are optionally
substituted with an al koxy group, an am no group, an
al kyl am no group, or the like. In the case where RWI
and RW2 or RW gand RN, forma cyclic structure which
further contains unsaturated nitrogen, nN=0; in the
ot her cases, nhs=1.
[0163]

Note that in the general fornula (Xm4), (Si)
shows an attachnent point to Si. X is as defined above.
[0164]

Specific exanples of the cation noiety of the
conpound represented by the general formula (Xm4)
i ncl ude the follow ng ions.
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[0166]
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[0167]
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[0178]

Exanpl es of hydrol ysable silicon conmpounds to be
used with the above-described (Xm1l), (Xm2), (Xm3),
and (Xm4) for producing (Xc-10) include the
hydr ol ysabl e nononer (Sm). Furthernore, the
hydr ol ysabl e netal conmpound (Mm represented by the
general formula (MM nmay be added.

[0179]

One or nore kinds of the nonomers (Xm1), (Xm2),
(Xm3), and (Xm 4) as shown above, one or nore kinds of
(Sm, and furthernore, if necessary, one or nore Kkinds
of (MM nmay be selected and m xed before the reaction or
during the reaction to achieve the starting material for

reaction for formng (Xc-10). The reaction conditions
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can be the same as the conditions for the nmethod for
synthesizing the thermally crosslinkable polysil oxane
(Sx) .

[ 0180]

The nol ecul ar wei ght of the crosslinking catalyst
(Xc-10) obtained can be adjusted not only through the
sel ection of the nmonomers, but also through the control
of the reaction condition during the polynerization.
When t he wei ght-average nol ecul ar weight is 100, 000 or
| ess, the generation of foreign matters or coating spots
does not occur. Therefore, the crosslinking catalyst
preferably has a wei ght-average nol ecul ar wei ght of
100, 000 or less, nmore preferably 200 to 50,000, further
preferably 300 to 30,000. Regarding data on the weight-
aver age nol ecul ar wei ght, the nolecul ar weight is
expressed in ternms of polystyrene which is obtained by
gel perneation chromatography (GPC) using a refractive
i ndex (RlI) detector, tetrahydrofuran as an eluent, and
pol ystyrene as a reference substance.

[0181]

| ncidentally, one kind of the crosslinking
catalysts (Xc-1), (Xc-2), (Xc-3), (Xc-4), and (Xc-10)
may be used, or two or nore kinds thereof may be used in
conmbi nati on. The ampunt of the crosslinking catalyst to
be contained is preferably 0.01 to 50 parts by mass,
nore preferably 0.1 to 40 parts by mass based on 100
parts by mass of the base polynmer (the thermally
crosslinkabl e pol ysil oxane (Sx) obtained by a nethod
descri bed above).

[0182]
(Organic Acid)
To inprove the stability of the inventive

conposition for formng a silicon-containing resist
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underl ayer film a nonoval ent, divalent, or polyval ent
organic acid having 1 to 30 carbon atons is preferably
cont ai ned. Exanples of the acid contained in this event
i nclude formc acid, acetic acid, propionic acid,

but anoi ¢ aci d, pentanoic acid, hexanoic acid, heptanoic
acid, octanoic acid, nonanoic acid, decanoic acid, oleic
acid, stearic acid, linoleic acid, linolenic acid,
benzoic acid, phthalic acid, isophthalic acid,
terephthalic acid, salicylic acid, trifluoroacetic acid,
nmonochl oroacetic acid, dichloroacetic acid,
trichloroacetic acid, oxalic acid, malonic acid,

met hyl mal oni ¢ acid, ethylmlonic acid, propyl mlonic
acid, butylmal onic acid, dinmethylmlonic acid,

di et hyl mal oni ¢ aci d, succinic acid, nethyl succinic acid,
glutaric acid, adipic acid, itaconic acid, maleic acid,
fumaric acid, citraconic acid, citric acid, and the |ike.
Particularly, oxalic acid, maleic acid, form c acid,
acetic acid, propionic acid, citric acid, and the like
are preferable. Mreover, a mxture of two or nore
acids may be used to keep the stability. The anmpunt of
the organic acid to be contained is preferably 0.001 to
25 parts by mass, nore preferably 0.01 to 15 parts by
mass, and further preferably 0.1 to 5 parts by mass,
based on 100 parts by mass of the silicon contained in
the inventive conposition for formng a silicon-

contai ning resist underlayer film

[0183]

Ot herwi se, the organic acid(s) nmay be contai ned
based on the pH of the inventive conposition for formng
a silicon-containing resist underlayer filmso as to
satisfy preferably 0 £ pH £ 7, more preferably 0.3 < pH
£ 6.5, further preferably 0.5 < pH £ 6.

[ 0184]
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(Wat er)

In the present invention, water may be contained
in the conposition for formng a silicon-containing
resi st underlayer film When water is contained, the
pol ysi | oxane conmpound in the inventive conposition for
formng a silicon-containing resist underlayer filmis
hydrated, so that the |ithography perfornmance is
I nproved. The water content in the solvent conponent of
the inventive conposition for formng a silicon-
containing resist underlayer filmis preferably nore
than 0 mass% and | ess than 50 mass% particularly
preferably 0.3 to 30 mass% further preferably 0.5 to 20
mass% \When the anount of water contained is |less than
50 mass% the uniformty of the silicon-containing
resi st underlayer filmis excellent, and there is no
ri sk of repellence occurring. Manwhile, when the
amount of water contained is nmore than 0 mass%
excel l ent |ithography perfornmance can be achieved.

[ 0185]

The solvent including water is preferably used in
a total anount of 100 to 100, 000 parts by nmss,
particul arly preferably 200 to 50,000 parts by mass,
based on 100 parts by nmass of the thermally
crosslinkabl e pol ysil oxane, which is the base pol yner.
[ 0186]

(Stabilizer)

Further, in the present invention, a stabilizer
can be contained in the conposition for formng a
silicon-containing resist underlayer film As the
stabilizer, a nonohydric, dihydric, or polyhydric
al cohol having a cyclic ether substituent can be
contained. Particularly, adding stabilizers shown in
paragraphs [0181] and [0182] of JP2009-126940A enabl es
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stability inmprovenent of the conposition for formng a
silicon-containing resist underlayer film The anount
of the stabilizer to be contained is preferably 0 to 50
parts by mass, nore preferably 0 to 40 parts by mass,
based on 100 parts by nmass of the thernmally
crosslinkabl e pol ysiloxane (Sx), which is the base

pol ymer.

[0187]

(Surfactant)

Further, in the present invention, a surfactant
can be contained in the conposition for formng a
silicon-containing resist underlayer film as necessary.
Specifically, the materials described in paragraph
[ 0185] of JP2009-126940A can be contained as the
surfactant. The anmount of the surfactant to be
contained is preferably 0 to 10 parts by mass, nore
preferably 0 to 5 parts by mass, based on 100 parts by
mass of the thermally crosslinkable polysiloxane (Sx),
which is the base pol yner.

[ 0188]
(Hi gh-Boi | i ng- Poi nt Sol vent)

Further, in the present invention, a high-boiling-
poi nt solvent having a boiling point of 180°C or higher
can al so be contained in the conposition as necessary.
Exanpl es of the high-boiling-point solvent include 1-
octanol, 2-ethyl hexanol, 1-nonanol, 1-decanol, 1-
undecanol , ethylene glycol, 1,2-propylene glycol, 1, 3-
butyl ene glycol, 2,4-pentanediol, 2-nmethyl-2,4-
pent anedi ol , 2, 5-hexanediol, 2, 4-heptanediol, 2-ethyl-
1, 3- hexanedi ol , diethylene glycol, dipropylene glycol,
triethylene glycol, tripropylene glycol, glycerin,
ganmma- butyrol actone, tripropylene glycol nonomethyl

et her, di acetone al cohol, n-nonyl acetate, ethylene
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gl ycol nonoet hyl ether acetate, 1,2-diacetoxyethane, 1-
acet oxy- 2- net hoxyet hane, 1, 2-di acet oxypr opane,
di et hyl ene gl ycol nononethyl ether acetate, diethylene
gl ycol nonoet hyl ether acetate, diethylene glycol nono-
n-butyl ether acetate, propylene glycol nononethyl ether
acetate, propylene glycol nonopropyl ether acetate,
propyl ene gl ycol nonobutyl ether acetate, dipropylene
gl ycol nononet hyl ether acetate, dipropylene glycol
nonoet hyl et her acetate, and the |ike. The amount of
t he hi gh-boiling-point solvent to be contained is
preferably 0 to 20 mass% nore preferably 0 to 10 nmass%
of the solvent conponent.
[0189]
[ Patterni ng Process]

A patterning process of the present invention is a
patterning process (so-called “nmultilayer resist
met hod”) for formng a pattern in a body to be processed,
i ncluding the steps of:

form ng an organic filmon a body to be processed
by using a coating-type organic film materi al;

formng a silicon-containing resist underlayer
filmon the organic film by using the above-descri bed
conposition for formng a silicon-containing resist
under |l ayer film

form ng a resist upper layer filmon the silicon-
containing resist underlayer film by using a resist
upper |ayer film conposition containing a photoresist
conposition;

forming a circuit pattern in the resist upper
| ayer film

transferring the pattern to the silicon-containing
resi st underlayer filmby etching while using the resist

upper layer filmhaving the fornmed circuit pattern as a
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mask;

transferring the pattern to the organic film by
etching while using the silicon-containing resist
underl ayer film having the transferred pattern as a
mask; and

transferring the pattern to the body to be
processed by etching while using the organic film having
the transferred pattern as a mask.

[ 0190]

A patterning process of the present invention is a
patterni ng process for formng a pattern in a body to be
processed, including the steps of:

formng a hard mask on a body to be processed by a
CVD net hod,;

form ng a silicon-containing resist underl ayer
filmon the hard mask by using the above-descri bed
conposition for formng a silicon-containing resist
under |l ayer film

form ng a resist upper layer filmon the silicon-
contai ning resist underlayer film by using a resist
upper |ayer film conposition containing a photoresist
conposi tion;

formng a circuit pattern in the resist upper
| ayer film

transferring the pattern to the silicon-containing
resi st underlayer filmby etching while using the resist
upper layer filmhaving the fornmed circuit pattern as a
mask;

transferring the pattern to the hard mask by dry
etching while using the silicon-containing resist
underl ayer film having the transferred pattern as a
mask; and

transferring the pattern to the body to be
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processed by dry etching while using the hard mask
having the transferred pattern as a mask.
[0191]

A patterning process of the present invention is a
patterni ng process for formng a pattern in a body to be
processed, including the steps of:

formng a silicon-containing resist underlayer
filmon a body to be processed by using the above-
descri bed conposition for form ng a silicon-containing
resi st underl ayer film

form ng a resist upper layer filmon the silicon-
containing resist underlayer film by using a resist
upper |ayer film conposition containing a photoresist
conposition;

forming a circuit pattern in the resist upper
| ayer film

transferring the pattern to the silicon-containing
resi st underlayer filmby etching while using the resist
upper layer filmhaving the fornmed circuit pattern as a
mask; and

transferring the pattern to the body to be
processed by dry etching while using the silicon-
contai ning resist underlayer film having the transferred
pattern as a mask
[0192]

When the inventive pol yval ent amoni um sal t
conpound is contained in a conposition for formng a
silicon-containing resist underlayer film an obtained
pattern can be forned on a substrate as a fine pattern
excellent in LWR and CDU by optim zing the conbination
with the hard mask or the organic filmas described
above. Furthernore, the silicon-containing resist

underlayer filmthat remains after pattern formation can
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be renmoved easily by etching and so forth, and therefore,
resi dues, which may cause defects, can be suppressed,

and it is also possible to prevent substrate damage due
to excessive etching conditions.

[ 0193]

In a positive patterning process, the photoresist
film(resist upper layer film is formed and heat -
treated, then exposed, and usually, subjected to
al kal i ne devel opment using an al kali ne devel oper to
obtain a positive resist pattern. Furthernore, post-
exposure baking (PEB) is preferably performed after the
exposure.

[ 0194]

As the al kaline devel oper, an aqueous sol ution of
t et ramet hyl amoni um hydroxi de (TMAH) or the |ike can be
used.

[ 0195]

It is preferable that, in the patterning process,
the circuit pattern is fornmed in the resist upper |ayer
filmby a photolithography with a wavel ength of 10 nm or
nore and 300 nmor less, a direct drawing by electron
beam a nanoinprinting, or a conbination thereof.

[ 0196]

As the body to be processed, it is preferable to
use a sem conduct or device substrate or the
sem conductor device substrate coated with any of a
metal film a netal carbide film a nmetal oxide film a
nmetal nitride film a nmetal oxycarbide film and a neta
oxynitride film
[0197]

As the nmetal, it is preferable to use silicon,
gallium titanium tungsten, hafnium zirconium

chrom um germani um copper, silver, gold, indium
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arsenic, palladium tantalum iridium alumnum iron

nol ybdenum cobalt, or an alloy thereof.

EXAMPLES
[ 0198]

Herei nafter, the present invention will be
specifically described with reference to Synthesis
Exanpl es, Conparative Synthesis Exanpl es, Exanples, and
Conpar ati ve Exanples, but the present invention is not
limted to these Exanples. Note that, in the follow ng
exampl es, “9% neans “mass%, and the nol ecul ar wei ght Mw
I's the wei ght-average nol ecul ar weight in terns of
pol ystyrene, nmeasured by GPC using tetrahydrofuran as an
el uent.

Me represents a nethyl group, Et represents an
et hyl group, Bu represents a butyl group, and Ph
represents a phenyl group.

[ 0199]
[ Synt hesis Exanple 1-1]

To a m xture containing 120 g of nmethanol, 0.1 g
of 10% nitric acid, and 60 g of deionized water, a
m xture containing 30.6 g of a conmpound (101), 38.1 g of
a compound (102), and 5.9 g of a conpound (110) was
added (nolar ratio: 40/50/10), and hydrolysis
condensation was perfornmed for 12 hours while
mai ntai ning at 40°C. After conpletion of the reaction,
600 g of propylene glycol nonoethyl ether (PGEE) was
added thereto. The water used in the hydrolysis
condensation and by-produced al cohol were distilled off
under reduced pressure to obtain 440 g of a solution of
a pol ysil oxane conpound 1 in PGEE (conpound
concentration: 10% . The nol ecul ar wei ght of the

pol ysi | oxane conmpound 1 was neasured in terns of
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pol ystyrene,

[ 0200]

and was Ma=2, 900.

[ Synt hesis Exanple 1-2]

18] were carried out

[ Synt hesis Exanple 1-1]

under

to [ Synt hesis Exanple 1-

the sanme conditions as

in

by using the nononers shown in

Table 1 to obtain the target

conmpounds 2 to 18.

products as pol ysil oxane

[ 0201]
[ Tabl e 1]
Charged amount (mol % of each nononer
Synthesis|yqgl101]102|110(111]112(113|114|115|116|117|118|129] MW
Exanpl e

1 - 40150 |10 | - - - - - - - - - 12900
2 5 45|50 | - - - - - - - - - - 12300
3 5140 |50 | 2 3 - - - - - - - - 12900
4 - |45 |50 | - - 3 - - 2 - - - - 12600
5 5 140 |50 | - - - 2 - 3 - - - - 12300
6 5 140 |50 | - - - - 5 - - - - - 2500
7 5 140 |50 | - - - 2 - - 3 - - - 12600
8 5 140 |50 | - - - - - - 2 3 - - 12300
9 5 140 |50 | - - 2 - - - - - 3 - 12300
10 5 140 |50 | - - - - - - - - 5 - 12300
11 5 140 |50 | - - - - - - - - - 5 2500
12 5 140 |50 | - - - - - - - - 2 3 |2100
13 2010 (70 | - - - - - - - - - - 2800
14 10 {10 | 70 |10 | - - - - - - - - - 2500
15 10 (10|70 | 4 6 - - - - - - - - |2700
16 10 |10 |70 | - - 6 - - 4 - - - - 12500
17 10 (10|70 | - - - 4 - 6 - - - - |2700
18 10 (10|70 | - - - - 10 | - - - - - 12700

PhSi (OCHz) 3- - - compound (100)

CHsSi (OCHz) 3+ - - compound (101)

Si (OCHz) 4+ - - compound (102)
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[ 0202]
OCH,

0] 1.
l)\/o\/\/S”fOCH3
OCH;

OH OCH,

HO. A 0.~ Si-OCH;
OCH;

Lo
O._~._Si-OCH;

OCH;

0 OCH;
\/koj\/\/é‘i*OCHa

OCH,

- Compound {(110)

- Compound (111)

- Compound (112)

- Compound (113)

- Compound (114)

- Compound (115)

- Compound (116)

- Compound (117)

- Compound (118)

- Compound (119)

- Compound (120)
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[ 0203]
[ Synt hesi s Exanpl e of Crosslinking Catalyst]
[ Synt hesi s Exanple 2-1] Synthesis of Conpound A

) . )
I+
HNO N
TAn ’ S _
NN > | NN NO;
A A

25 g of a conmpound A was dissolved in 40 g of
water. This solution was added dropw se over 30 ninutes
to 650 g of a 7% aqueous solution of nitric acid cool ed
to 0°C. After aging at roomtenperature for 24 hours,
the solution was dried under reduced pressure at 50°C to
obtain 57 g of the target conmpound A° as a white solid.

[ 0204]

[ Synt hesi s Exanple 2-2] Synthesis of Conpound A’

Me
+
rN\I Mel, K5COj4 . Nj+ _
NN » Mef‘N'L “Me |
LN/ EtOH LN/ A
Me
A AII

10 g of the conmpound A and 40.4 g of potassium
carbonate were dissolved in 200 nmL of ethanol, and 41 g
of methyl iodide was added dropw se thereto at room
tenperature over 30 m nutes. After aging at room
tenperature for 24 hours, the obtained reaction solution
was filtered and dried under reduced pressure to obtain
8.7 g of the target conmpound A"’ as a white solid.

[ 0205]

[ Synt hesis Exanple 2-3] to [Synthesis Exanple 2-7]
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were carried out under the sanme conditions as in
Synt hesis Exanple 2-1 by using the starting materials
shown in Table 2 to obtain the target products.
Meanwhi |l e, [Synthesis Exanple 2-8] to [Synthesis
Exanpl e 2-13] were carried out under the sanme conditions
as in Synthesis Exanple 2-2 by using the starting
materi al s and al kyl ati ng agents shown in Table 3 to
obtain the target products.

[ Tabl e 2]
Sénthe5|s Starting material for reaction| Target product
xanpl e
2-3 Conpound ( B) Conpound (B')
2-4 Conmpound (C) Conmpound (C )
2-5 Conmpound (D) Conmpound (D)
2-6 Conpound (E) Conpound (E')
2-7 Conpound (F) Conpound (F)
[ Tabl e 3]
Synthesis|Starting material for reaction Target product
Exanpl e and al kyl ati ng agent
2-8 Conpound (A), nBuBr Conpound (A ")
2-9 Conmpound (B), Mel Conpound (B )
2-10 Conmpound (C), Mel Conmpound (C ')
2-11 Conpound (D), Mel Conpound (D )
2-12 Conpound (E), Mel Conpound (E )
2-13 Conmpound (F), Mel Conmpound (F ")
[ 0206]

[Starting Material for Reaction]
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MG\N/\N,MG

W X

Me

B

Me. M
e.y-Me

Me\N/\/N \/\N,Me
| |

Me Me
E
[ 0207]
[ Target Product]
Mekmf\H,Me
LH% NOg}
Me 3
B
Me\m,}fwe

H H
Mej o~ Nt~ Me| | Noy

Me H Me

Me |/ ‘Me

N Nz |-
AN
Me" ¥ |-'|7 . { L

Mer I\L’Ieme

N C:j Me
N\
Me

F
Me\Mi\MﬁVIe
N N7
|
L
N 3
Me/ Me
g
M
Me\Ni\/Ie
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Me
tN
Me |/ l_I‘tlle
e M NO;
H N 4
Meﬂl_l‘tlle
D'
NO3~
4
Me_Me
N+ , Me
E:j: N-Me |
N+ Me
Me” pMe 3
c"
Me\M,?VIe
N+




[ 0208]
[ Conparati ve Synthesis Exanple 1-1] Synthesis of
Sul f oni um Sal t - Cont ai ni ng Pol ysi | oxane Conpound R

To a m xture of 120 g of nethanol, 0.1 g of 10%
nitric acid, and 60 g of deionized water, a m xture of
61.3 g of the conmpound (101) and 24.4 g of the conpound
(120) was added and maintained at 40°C for 12 hours to
perform hydrol ysis condensation. After conpletion of
the reaction, 300 g of propylene glycol nonoethyl ether
(PGEE) was added thereto, and the water used for the
hydrol ysis condensati on and by-produced al cohol were
distilled off under reduced pressure to obtain 250 g of
a solution of a sulfoniumsalt-containing polysiloxane
conpound R in PGEE (conmpound concentration: 20%. The
nol ecul ar wei ght of the pol ysil oxane conpound R was
measured in terns of polystyrene, and was Mw=2, 000.
[ 0209]
[ Exanples 1-1 to 1-58 and Conparative Exanples 1-1 to 1-
4]

One of the polysiloxane conpounds 1 to 18 obtai ned
in the Synthesis Exanples, a polyval ent amoni um sal t
conpound represented by the general formula (A-1) or a
conparative crosslinking catal yst as a crosslinking
catalyst, an acid, a photo-acid generator (PAG1 to -7
shown in Table 7), a solvent, and water were m xed at
proportions shown in Tables 4 to 6. Each m xture was
filtered through a 0.1-um filter made of fluorinated
resin. Thus, conposition solutions for formng a
silicon-containing underlayer film were prepared and

referred to as Sol. 1 to 62.
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[ 0210]

[ Tabl e 4]

Pol ysi | oxane Crosslinking Phot o-aci d Aci d Sol vent WAt er
No. (parts by (caatratlsyst;c ?egcre{ gt gr (parts by |[(parts by| (parts
mass) P y P y mass) mass) by mass)
mass) mass)

Sol 1 Conmpound 1 XL-1 None Mal ei ¢ acid PGEE Wat er
: (1) (0.03) (0.01) (100) (10)
Sol . 2 Conmpound 1 XL-2 None Mal ei ¢ acid PGEE Wat er
: (1) (0.03) (0.01) (100) (10)
Sol . 3 Conpound 2 XL-3 None Mal ei ¢ acid PGEE Wat er
: (1) (0.03) (0.01) (100) (10)
Sol . 4 Conpound 2 XL-4 None Mal ei ¢ acid PGEE Wat er
: (1) (0.03) (0.01) (100) (10)
Sol . 5 Conpound 3 XL-5 None Mal ei c acid PGEE WAt er
' (1) (0.03) (0.01) (100) (10)
Sol . 6 Conpound 3 XL- 6 None Mal ei c acid PGEE WAt er
' (1) (0.03) (0.01) (100) (10)
Sol . 7 Conpound 4 XL-7 None Mal ei c acid PGEE WAt er
' (1) (0.03) (0.01) (100) (10)
Sol . 8 Conpound 4 XL-8 None Mal ei c acid PGEE WAt er
' (1) (0.03) (0.01) (100) (10)
Sol . 9 Conpound 5 XL-9 None Mal ei c acid PGEE WAt er
) (1) (0.03) (0.01) (100) (10)
Conpound 5 XL-10 Mal ei c acid PGEE WAt er
Sol. 10 (1) (0. 03) None (0.01) (100) (10)
Conpound 6 XL-11 Mal ei c acid PGEE WAt er
Sol. 11 (1) (0. 03) None (0.01) (100) (10)
Conpound 6 XL-12 Mal ei c acid PGEE WAt er
Sol . 12 (1) (0. 03) None (0.01) (100) (10)
Conmpound 7 XL-13 Mal ei ¢ acid PGEE Wat er
Sol. 13 (1) (0. 03) None (0.01) (100) (10)
Conmpound 7 XL-1 Mal ei ¢ acid PGEE Wat er
Sol . 14 (1) (0. 03) None (0.01) (100) (10)
Conpound 8 XL-2 Mal ei ¢ acid PGEE Wat er
Sol. 15 (1) (0. 03) None (0.01) (100) (10)
Conpound 8 XL-3 Mal ei ¢ acid PGEE Wat er
Sol . 16 (1) (0. 03) None (0.01) (100) (10)
Conpound 9 XL-4 Mal ei ¢ acid PGEE Wat er
Sol . 17 (1) (0. 03) None (0.01) (100) (10)
Conpound 9 XL-5 Mal ei ¢ acid PGEE Wat er
Sol. 18 (1) (0. 03) None (0.01) (100) (10)
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[0211]

[ Tabl e 5]

Pol ysi | oxane Crosslinking \Phot o- aci d Aci d Sol vent WAt er
No. (parts by (caatrzilsyst;f ?egcre{ gt gr (parts by |[(parts by| (parts
mass) P y P y mass) mass) by mass)
mass) mass)

Conmpound 10 XL- 6 Mal ei ¢ acid PGEE Wat er
Sol. 19 (1) (0. 03) None (0.01) (100) (10)
Conmpound 11 XL-7 Mal ei ¢ acid PGEE Wat er
Sol . 20 (1) (0. 03) None (0.01) (100) (10)
Conmpound 12 XL-8 Mal ei ¢ acid PGEE Wat er
Sol . 21 (1) (0. 03) None (0.01) (100) (10)
Conmpound 13 XL-9 Mal ei ¢ aci d PGEE Wat er
Sol . 22 (1) (0. 03) None (0.01) (100) (10)
Conmpound 14 XL-10 Mal ei ¢ acid PGEE WAt er
Sol . 23 (1) (0. 03) None (0.01) (100) (10)
Compound 15 XL-10 Mal ei ¢ acid PGEE WAt er
Sol . 24 (1) (0. 03) None (0.01) (100) (10)
Conmpound 16 XL-11 Mal ei ¢ acid PGEE WAt er
Sol . 25 (1) (0. 03) None (0.01) (100) (10)
Compound 17 XL-12 Mal ei ¢ acid PGEE WAt er
Sol . 26 (1) (0. 03) None (0.01) (100) (10)
Compound 18 XL-13 Mal ei ¢ acid PGEE WAt er
sol . 27 (1) (0. 03) None (0.01) (100) (10)
Sol . 28 Conmpound 1 XL-1 PAG 1 Mal ei ¢ acid PGEE WAt er
) (1) (0.03) (0.01) (0.01) (100) (10)
Sol . 29 Conmpound 2 XL-2 PAG- 2 Mal ei ¢ acid PGEE WAt er
) (1) (0.03) (0.01) (0.01) (100) (10)
Sol . 30 Conmpound 3 XL-3 PAG- 2 Mal ei ¢ acid PGEE WAt er
) (1) (0.03) (0.01) (0.01) (100) (10)
Sol . 31 Conmpound 4 XL-4 PAG- 3 Mal ei ¢ acid PGEE Wat er
' (1) (0.03) (0.01) (0.01) (100) (10)
Sol . 32 Compound 5 XL-5 PAG- 3 Mal ei ¢ acid PGEE Wat er
' (1) (0.03) (0.01) (0.01) (100) (10)
Sol . 33 Conmpound 6 XL- 6 PAG 4 Mal ei ¢ aci d PGEE Wat er
' (1) (0.03) (0.01) (0.01) (100) (10)
Sol . 34 Conmpound 7 XL-7 PAG 4 Mal ei ¢ aci d PGEE Wat er
' (1) (0.03) (0.01) (0.01) (100) (10)
Sol . 35 Conmpound 8 XL-8 PAG- 5 Mal ei ¢ acid PGEE Wat er
' (1) (0.03) (0.01) (0.01) (100) (10)
Sol . 36 Conmpound 9 XL-9 PAG- 5 Mal ei ¢ acid PGEE Wat er
: (1) (0.03) (0.01) (0.01) (100) (10)
Sol . 37 Conmpound 10 XL-10 PAG- 6 Mal ei ¢ acid PGEE Wat er
: (1) (0.03) (0.01) (0.01) (100) (10)
Sol . 38 Conmpound 11 XL-11 PAG- 6 Mal ei ¢ acid PGEE Wat er
: (1) (0.03) (0.01) (0.01) (100) (10)
Sol . 39 Conmpound 12 XL-12 PAG- 7 Mal ei ¢ acid PGEE Wat er
: (1) (0.03) (0.01) (0.01) (100) (10)
Sol . 40 Compound 13 XL-13 PAG- 7 Mal ei ¢ acid PGEE WAt er
) (1) (0.03) (0.01) (0.01) (100) (10)
Sol . 41 Conmpound 14 XL-1 PAG- 7 Mal ei ¢ aci d |PGEE (90) WAt er
) (1) (0.03) (0.01) (0.01) GBL (10) (10)
Sol . 42 Compound 15 XL-2 PAG- 3 Mal ei ¢ aci d |PGEE (90) WAt er
) (1) (0.03) (0.01) (0.01) DAA (10) (10)
Compound 16 XL-3 Mal ei ¢ aci d |PGEE (90) WAt er
Sol . 43 (1) (0. 03) None (0.01)  |PGME (10) | (10)
Sol . 44 Compound 17 XL-4 PAG- 2 Mal ei ¢ aci d |PGEE (90) WAt er
) (1) (0.03) (0.01) (0.01) GBL (10) (10)
Compound 18 XL-5 Mal ei ¢ aci d |PGEE (90) WAt er
Sol . 45 (1) (0. 03) None (0.01) | DAA (10) | (10)
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[0212]

[ Tabl e 6]
Pol ysi | oxane Crosslinking \Phot o- aci d Aci d Sol vent WAt er
No. (parts by (Ci;ﬁtyi; ?egfigtgr (parts by |[(parts by| (parts
mass) P y P y mass) mass) by mass)
mass) mass)
Conmpound 1 XL- 6 Mal ei ¢ aci d |PGEE (90) Wat er
Sol . 46 (1) (0. 03) None (0.01) |PGME (10)| (10)
Sol . 47 Conmpound 2 XL-7 PAG 6 Mal ei ¢ aci d |PGEE (90) Wat er
: (1) (0.03) (0.01) (0.01) GBL (10) (10)
Conmpound 3 XL-8 Mal ei ¢ aci d |PGEE (90) Wat er
Sol . 48 (1) (0. 03) None (0.01) |DAA (10) | (10)
Sol . 49 Conmpound 4 XL-9 PAG 3 Mal ei ¢ aci d |PGEE (90) Wat er
: (1) (0.03) (0.01) (0.01) PGME (10) (10)
Conmpound 5 XL-10 Mal ei ¢ aci d |PGEE (90) WAt er
Sol . 50 (1) (0. 03) None (0.01)  |PGME (10) | (10)
Sol . 51 Conmpound 6 XL-11 PAG 4 Mal ei ¢ aci d |PGEE (90) WAt er
' (1) (0.03) (0.01) (0.01) GBL (10) (10)
Conmpound 7 XL-12 Mal ei ¢ aci d |PGEE (90) WAt er
Sol . 52 (1) (0. 03) None (0.01) | DAA (10) | (10)
XL-1
Compound 5 (0.015) Mal ei ¢ acid PGEE Wat er
Sol . 53 (1) XL- 2 None (0.01) (100) (10)
(0.015)
XL-1
Conmpound 6 (0.015) Mal ei ¢ acid PGEE Wat er
Sol . 54 (1) XL- 4 None (0.01) (100) (10)
(0.015)
XL-1
Conmpound 7 (0.015) Mal ei ¢ acid PGEE Wat er
Sol . 55 (1) XL- 10 None (0.01) (100) (10)
(0.015)
XL- 2
Conmpound 8 (0.015) Mal ei ¢ acid PGEE Wat er
Sol . 56 (1) XL- 12 None (0.01) (100) (10)
(0.015)
XL-1
Conmpound 9 (0.015) Mal ei ¢ acid PGEE Wat er
Sol . 57 (1) XL- 14 None (0.01) (100) (10)
(0.015)
XL- 4
Conmpound 9 (0.015) Mal ei ¢ aci d PGEE Wat er
Sol . 58 (1) XL- 14 None (0.01) (100) (10)
(0.015)
Conmpound 1 XL-14 Mal ei ¢ acid PGEE WAt er
Sol . 59 (1) (0. 03) None (0.01) (100) (10)
Conmpound 2 XL-15 Mal ei ¢ acid PGEE WAt er
Sol . 60 (1) (0. 03) None (0.01) (100) (10)
Conmpound 3 XL-16 Mal ei ¢ acid PGEE Wat er
Sol . 61 (1) (0. 03) None (0.01) (100) (10)
Conmpound 4 XL-17 Mal ei ¢ acid PGEE Wat er
Sol . 62 (1) (0. 03) None (0.01) (100) (10)
[ 0213]
The crosslinking catal ysts used are as foll ows.

XL-1---compound
XL-2+ - compound
XL-3+++compound

(A7)
(A7)
(B")
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XL-4---compound (C’")
XL-5+++compound (D")
XL-6+++compound (E’")
XL-7+-+compound (F’")
XL-8+ - -compound (A’’"")
XL-9- - -compound (B’")
XL-10++-compound (C’'")
XL-11+"++-compound (D"")
XL-12---compound (E'’")
XL-13-+:-compound (F'")

XL-14---triphenylsulfonium nitrate

XL-15-+-tetramethylammonium nitrate
XL-16-+-tetraoctylammonium nitrate
XL-17---sulfonium-salt-containing polysiloxane compound
(R)

[0214]

The solvents used are as foll ows.
PGEE:- - -propylene glycol monoethyl ether
PGME - - propylene glycol monomethyl ether
GBL:- - -gamma-butyrolactone

DAA- - -diacetone alcohol
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[ 0215]
[ Tabl e 7]

PAG PAG

g CF;
50,
(8]
FooF

Y P
SRGPE (j%\@j?&g

3 [::TQ\I::l\ o . 7 ﬁiﬁj/mw/igégx
| i
JOF

4 O S@/ F

[ 0216]
(EUV Patterning Test)

Each of the conpositions Sol. 1 to 62 for form ng
a silicon-containing resist underlayer film was
respectively applied onto a silicon wafer by spin-
coating and heated at 220°C for 60 seconds to prepare
25-nm thick silicon-containing resist underlayer fil ns:
Films 1 to 62.
[0217]
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Subsequently, a resist material obtained by
di ssol ving the conponents shown below in the proportions
of Table 8 was applied to the Films 1 to 62 by spin-
coating and prebaked using a hot plate at 105°C for 60
seconds to prepare a resist upper layer film having a
filmthickness of 60 nm The resist upper layer film
was exposed using an EUV scanner NXE3300 (manufactured
by ASML, NA: 0.33, o: 0.9/0.6, quadrupole illumination,
with a mask having a hole pattern with a pitch of 46 nm
and +20% bi as (on-wafer size)), followed by PEB on a hot
pl ate at 100°C for 60 seconds and devel opment with a
2. 38 mass% aqueous solution of TMAH for 30 seconds to
obtain a hole pattern with a size of 23 nm

Usi ng CD- SEM ( CG5000) manufactured by Hitach
Hi gh- Technol ogi es Corp., an exposure dose at which the
hol e di nension of 23 nm was fornmed was neasured and
determ ned as sensitivity. 1In addition, the dinensions
of 50 holes in this event were neasured, and di nensi onal
variation (CDU, 30) was calculated. The results are
shown in Tables 9 and 10.
[ 0218]

The polymer, quencher, sensitizer, surfactant, and
organi c solvent used for the resist material are as

foll ows.
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[0219]

0 0O Q O L)) 0 O 0
Polymer _l(\ F,
o 0.__C.. .
Mw=8,900 Y
Mw/Mn=1.89 OH o 0 CI;
:‘-S+‘
[ 0220]
I |
O
+
O S
I
Quencher
[ 0221]
@J{’@
H
Sensitizer
[ 0222]

Surfactant: FC-4430 available from 3M

PGVEA: propyl ene glycol nmononethyl ether acetate
CyHO cycl ohexanone

PGVE: propyl ene glycol nononethyl ether
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[ 0223]

[ Tabl e 8]
S Organi c
Conponent Pol ymer | Quencher | Sensitizer | Surfactant sol vent
Conposition PGVEA (400)
(parts by (100) (4.0) (2.1) (0. 25) CyHO (2000)
mass) PGVE (100)
[ 0224]
(Etching Test of Silicon-Containing Resist Underl ayer
Film
Each of conpositions Sol. 1 to 62 for formng a
silicon-containing resist underlayer film was
respectively applied onto a silicon wafer by spin-

coating and heated at 220°C for 60 seconds to prepare

25-nm thick silicon-containing resist underlayer fil ns:
Films 1 to 62.
These silicon-containing resist underlayer filns

were subjected to an etching test under the foll ow ng
et ching conditions.
[ 0225]

Et ching Test with CHFz/ CFs- Based Gas
Apparatus: dry etching apparatus Telius SP manufactured
by Tokyo Electron Limted

Et chi ng test:

Chamber pressure 10 Pa

Upper/ Lower RF power 200 W 100 W
CHF: gas flow rate 50 M/mn
CFs gas flow rate 50 M/ mn

N> gas flow rate 100 m/mn
Treatnment tine 20 sec
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[ 0226]

[ Tabl e 9]
Silicon- Dry etching

cont ai ni ng L rate

fesi st Sensitivity CDuU (nn{n1n)
under | ayer (mi/ cn¥) (nm with

film CHF3/ CFs-

based gas
Exanple 1-1 Film1l 28 2.2 50.1
Exanmpl e 1-2 Film 2 28 2.4 50.7
Exanpl e 1-3 Film 3 30 2.2 48. 9
Exanpl e 1-4 Film 4 28 2.2 51.3
Exanpl e 1-5 Filmb5 29 2.4 48.7
Exanpl e 1-6 Film®6 30 2.3 50. 8
Exanple 1-7 Film?7 28 2.2 51.4
Exanpl e 1-8 Film8 29 2.4 50.0
Exanpl e 1-9 Film9 30 2.2 48. 9
Exanple 1-10| Film 10 30 2.2 48.5
Exanple 1-11| Film 11 30 2.3 50. 2
Exanple 1-12| Film 12 29 2.2 49. 2
Exanple 1-13| Film 13 28 2.4 48. 6
Exanple 1-14| Film 14 30 2.2 48. 6
Exanple 1-15| Film 15 29 2.2 50.1
Exanple 1-16| Film 16 30 2.2 49. 3
Exanple 1-17| Film 17 29 2.4 48. 6
Exanple 1-18| Film 18 29 2.2 50. 3
Exanple 1-19| Film 19 30 2.3 51.1
Exanple 1-20| Film 20 29 2.2 48. 8
Exanple 1-21| Film 21 28 2.2 49.0
Exanple 1-22| Film 22 28 2.2 49.1
Exanple 1-23| Film 23 28 2.4 49. 8
Exanple 1-24| Film 24 30 2.2 48. 8
Exanple 1-25| Film 25 29 2.2 49. 9
Exanple 1-26| Film 26 29 2.4 50.0
Exanple 1-27| Film 27 29 2.2 50.7
Exanple 1-28| Film 28 27 2.3 48. 9
Exanple 1-29| Film 29 29 2.3 49. 9
Exanple 1-30| Film 30 28 2.3 51.4
Exanple 1-31| Film 31 27 2.3 49. 4
Exanple 1-32| Film 32 29 2.4 50. 6
Exanple 1-33| Film 33 29 2.2 51.3
Exanple 1-34| Film 34 27 2.2 51.3
Exanple 1-35| Film 35 28 2.2 50.1
Exanple 1-36| Film 36 27 2.4 49. 6
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[0227]

[ Tabl e 10]
Silicon- Dry etching
cont ai ni ng L rate
fesi st Sensitivity CDuU (nn{n1n)
under | ayer (mi/ cn¥) (nm with
film CHF3/ CFs-
based gas

Exanple 1-37| Film 37 29 2.4 49. 4
Exanple 1-38| Film 38 29 2.2 51.5
Exanple 1-39| Film 39 28 2.2 49. 9
Exanple 1-40| Film 40 27 2.4 50.0
Exanple 1-41| Film4l 29 2.2 50.9
Exanple 1-42| Film 42 28 2.4 50.0
Exanple 1-43| Film 43 29 2.2 49.5
Exanple 1-44| Film 44 28 2.4 49.1
Exanple 1-45| Film 45 28 2.4 50. 2
Exanple 1-46| Film 46 27 2.4 49.0
Exanple 1-47| Film 47 29 2.4 50.7
Exanple 1-48| Film 48 30 2.2 51.4
Exanple 1-49| Film 49 28 2.2 51.1
Exanple 1-50| Film 50 28 2.3 51.5
Exanple 1-51| Film51 28 2.4 51.2
Exanple 1-52| Film 52 29 2.4 51.3
Exanple 1-53| Film 53 30 2.2 50.4
Exanple 1-54| Film 54 30 2.2 48. 6
Exanple 1-55| Film55 30 2.2 48. 7
Exanple 1-56| Film 56 28 2.4 49. 9
Exanple 1-57| Film 57 30 2.3 50.4
Exanple 1-58| Film 58 30 2.2 50. 2

Comparative | o 59 29 3.1 47.0

Exanple 1-1

Comparative | |, g0 29 3.1 47.0

Exanmpl e 1-2

Eigpng[ atlve | Fitmel 28 3 47.1

Comparative | o 6o 29 3.1 49. 4

Exanpl e 1-4
[ 0228]

As shown in Conparative Exanples 1-1 to 1-4 of

Tables 9 and 10,

to 62,

represented by the general

i nventi on was not

i n which a polyval ent

it was observed that
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regarding Filnms 59

ammoni um sal t

used as a crosslinking catalyst,

conmpound
formula (A-1) of the present
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was degraded or the Films did not have a sufficient
etching rate. On the other hand, as shown in Exanpl es
1-1 to 1-58, it was found that regarding Filns 1 to 58,

i n which a polyval ent ammoni um salt conpound represented
by the general fornula (A-1) of the present invention
was used as a crosslinking catalyst, the reactivity of
the silicon polymer was enhanced by the crosslinking
catal yst being polyvalent, and therefore, a strong film
in which diffusion to the upper |ayer resist was
suppressed was successfully forned, and the Filns had a
CDU-i nmproving effect and a sufficient etching rate.

[ 0229]

[ Exanples 2-1 to 2-15 and Conparative Exanples 2-1 to 2-
4]

(ArF Patterning Test)

On a silicon wafer, a spin-on carbon film ODL-102
(carbon content: 89 nmass% avail able from Shin-Etsu
Chem cal Co., Ltd. was formed with a filmthickness of
200 nm Each of the conpositions Sol. 1 to 5, 11 to 13,
28 to 30, 51 to 54, and 59 to 62 for formng a silicon-
containing resist underlayer filmwas respectively
applied to the spin-on carbon filmand heated at 220°C
for 60 seconds to prepare 20-nmthick silicon-containing
resi st underlayer films: Filnms 1 to 5, 11 to 13, 28 to
30, 51 to 54, and 59 to 62.

[ 0230]

Subsequently, the ArF resist solution (PR-1) for
positive devel opnent shown in Table 11 was applied to
the silicon-containing resist underlayer film and baked
at 110°C for 60 seconds to forma 100-nmthick
photoresist film Furthernore, the liquid i mersion top
coat material (TC-1) shown in Table 12 was applied to
t he photoresist film and baked at 90°C for 60 seconds to
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forma 50-nmthick top coat.

Then, the wafer was exposed to |light with an ArF
l'iquid imrersion exposure apparatus (XT-1900i
manufactured by ASML, NA: 1.35, o: 0.97/0.77, 35°
pol ari zed di pole illum nation), baked at 100°C for 60
seconds (PEB), and devel oped with a 2.38% by nmass
aqueous solution of tetranmethyl amoni um hydroxi de ( TMAH)
for 30 seconds, thereby obtaining a 40 nm 1:1 positive
| i ne-and-space pattern. Regarding the dinensions of the
pattern, the LWR was observed with an el ectron
m croscope (CG5000) manufactured by Hitachi Hi gh-

Technol ogi es Corporation. The results are shown in Table
13.

[ 0231]
[ Tabl e 11]
Pol ymer enpécrlaoi or Base Sur factant| Sol vent
No. (parts by?artsb (parts by|(parts by | (parts
mass) b y mass) mass) by mass)
nmass)
Ar F
PR- 1 resi st PAG A Quencher FC- 4430 PGVEA
polymer 1| (7.0) (1.0 (0.2) (2,500)
(100)
[ 0232]

ArF resist polyner 1 [nolecular weight (Mw)=7, 800,
di spersity (Mu Mh)=1.78]:

e S i P
&, N D

[ 0233]
Aci d generator: PAG A
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_SOy

[ 0234]

Base: Quencher

O N
N/ _\\,_0

[ 0235]
Surfactant: FC-4430 avail ab
[ 0236]
Top coat polymer [nol ecul ar

di spersity (Mw Mh)=1.69]
[ 0237]

0" 0O

0.3

le from 3M

wei ght ( Mw) =8, 800,

" CF
0" 0 3
CF; OH
OH CF;
CF;
[ 0238]
[ Tabl e 12]
Pol ymer Organi ¢ sol vent
(parts by mass) (parts by nmmss)
TC-1 Top coat Di i soanyl ether (2700)
pol ymer (100) 2-met hyl - 1- but anol (270)
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[ 0239]

[ Tabl e 13]
Si licon-containing
resi st underl ayer LVR
film
Exanple 2-1 Film1l 2.0
Exanpl e 2-2 Film 2 2.1
Exanple 2-3 Film3 2.1
Exanple 2-4 Film 4 2.0
Exanmple 2-5 Filmb5 2.0
Exanpl e 2-6 Film11 2.2
Exanmple 2-7 Film 12 2.0
Exanpl e 2-8 Film 13 2.1
Exanple 2-9 Film 28 2.2
Exanpl e 2-10 Film 29 2.0
Exanmpl e 2-11 Film 30 2.1
Exanpl e 2-12 Film51 2.2
Exanpl e 2-13 Film52 2.1
Exanpl e 2-14 Film 53 2.0
Exanpl e 2-15 Film 54 2.2
Conparative .
Exanpl e 2-1 Film 59 3.5
Conparative .
Exanpl e 2-2 Film 60 3.6
Conpar ative .
Exanpl e 2-3 Film61l 3.2
Conpar ative .
Exampl e 2- 4 Film 62 3.4
[ 0240]

was observed that
to 30,

As shown in Exanples 2-1 to 2-15 of Table 13,
11 to 13, 28

ammoni um sal t

and

51 to 54,

regarding Films 1 to 5,
in which a pol yval ent

it

conmpound represented by the general fornmula (A-1) of the

present invention was used as a crosslinking catal yst, a
strong filmwas forned by the advant ageous effects of
and

t he crosslinking catal yst having high reactivity,

therefore, diffusion to the upper |ayer resist was

On

as shown in Conparative Exanples 2-1 to

suppressed and an LWR-inproving effect was observed.
t he ot her hand,
2-4, regarding Filnms 59 to 62,
pol yval ent

in which the inventive

ammoni um salt conmpound was not used, LWR was
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poor .
[ 0241]

The present description includes the follow ng
enmbodi nent s.

[1]: A polyval ent ammoni um salt conpound havi ng
two or nore ammoni um i ons per nol ecule, the pol yval ent
ammoni um salt conmpound bei ng represented by the
foll ow ng general fornula (A-1),

AN +xf”@1“wxm+wf”g2

e iﬁ ik““aa

4

wherein Ry represents a hydrocarbon group having 1 to 20
carbon atons and optionally having a substituent or an
aromatic group having 6 to 20 carbon atons and
optionally having a substituent, and optionally contains
one or nore nitrogen atons; R, R3, R4, Rs, Rs, and Ry
each i ndependently represent a hydrogen atom a

hydr ocar bon group having 1 to 20 carbon atons and
optionally having a substituent, or an aromatic group
having 6 to 20 carbon atons and optionally having a
substituent, and optionally contain one or nore nitrogen
atonms; any two or nore selected fromR;,, R, R3: Ri, Rs,
Rs, and R; are optionally bonded to each other to forma
ring together with the nitrogen atomin the fornmula; A
represents an organic or inorganic anion to be a counter

ion of an ammoni um cati on, and excl udes

bi strifl uoronethanesul fonylinm de; and “n” represents an
i nteger of 2 to 10.

[2] : The pol yval ent anmmoni um salt conpound of [1],
wherein the A is fornmate, acetate, propionate, butyrate,
hexanoat e, benzoate, t-butyl benzoate, trichl oroacetate,

trifluoroacetate, 2-hydroxy-2, 2-
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bi s(trifluoromethyl)acetate, trinethylacetate,
pent af | uor opr opi onate, nethanesul fonate, butanesul fonate,
benzenesul f onate, tol uenesul fonat e,
trifluoronethanesul fonate, nmethyl sulfate ion, chloride
ion, bromde ion, iodide ion, fluoride ion, cyanide ion,
nitrate ion, nitrite ion, or hydroxide ion.

[3]: The pol yval ent ammoni um salt conpound of [1]
or [2], represented by the follow ng general formula (B-
1), the follow ng general fornula (B-2), the follow ng
general formula (B-3), or the follow ng general fornula
(B-4),

B
e

7

+
B N
Rog™7 =" Rip

. ém

wherein Ri1, Ri2, Riz, and Ris each independently

(B-1)

represent a hydrogen atom a hydrocarbon group having 1
to 20 carbon atonms and optionally having a substituent,
or an aromatic group having 6 to 20 carbon atons and
optionally having a substituent; and A is as defined
above,
F 5\5\?2»;’“\?3@22
N+ N

+ A

; (B-2)
4
éfz:ﬁm

wherein R, Rz, Res, Res, Res, and Rxe each independently
represent a hydrogen atom a hydrocarbon group having 1
to 20 carbon atons and optionally having a substituent,
or an aromatic group having 6 to 20 carbon atons and
optionally having a substituent; and A is as defined

above,
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OO [ ~] @9

J R
g’{ﬂﬁ 37

wherein Rsi, Rs2, Rss, Rss, Rss, Rss, and Rs7 each
i ndependently represent a hydrogen atom a hydrocarbon
group having 1 to 20 carbon atons and optionally having
a substituent, or an aromatic group having 6 to 20
carbon atonms and optionally having a substituent; and A
is as defined above,

Rso

A
??’»45‘#% \?%;2 Hs1 : 4

Pt (B-4)

Hay Raa Hsg ia
N+
Ty e
Rﬂ'/é Rus
16

wherein Rs1, Rs2, and Rs3z each i ndependently represent a

géﬂ)\

hydr ocar bon group having 1 to 20 carbon atons and
optionally having a substituent or an aromatic group
having 6 to 20 carbon atonms and optionally having a
substituent; R, Rus, Rue, Ru7, Rus, Rao, Rso, Rsi, Rs2, and
Rs3 each i ndependently represent a hydrogen atom a
hydr ocar bon group having 1 to 20 carbon atons and
optionally having a substituent, or an aromatic group
having 6 to 20 carbon atonms and optionally having a
substituent; and A- is as defined above.

[4]: A conposition for formng a silicon-
containing resist underlayer film conprising: the
pol yval ent anmoni um salt conpound of any one of [1l] to
[3]; and a thermally crosslinkabl e polysil oxane.

[5]: The conposition for formng a silicon-
containing resist underlayer filmof [4], wherein the

thermal Iy crosslinkabl e pol ysil oxane contains any one or
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nore of a repeating unit represented by the follow ng
general formula (Sx-1), a repeating unit represented by
the followi ng general fornmula (Sx-2), and a parti al
structure represented by the followi ng general fornula
(Sx-3),

FQ1
-%%FO%— (Sx—1)

7

R

-{éFO%— (Sx—2)
|
Fz2
R!

(R3E‘|>i—OJr (Sx—3)
=2

wherein R!, R?, and R3 are each identical to or different
from each other and represent a nonoval ent organi c group
having 1 to 30 carbon atons.

[6]: The conposition for formng a silicon-
containing resist underlayer filmof [4] or [5], further
conpri sing an aci d generator.

[ 7] : The conposition for formng a silicon-
containing resist underlayer filmof [6], wherein the
acid generator is a photo-acid generator, which
generates an acid by an action of a high-energy beam

[8]: A patterning process for formng a pattern in
a body to be processed, conprising the steps of:

formng an organic filmon a body to be processed
by using a coating-type organic filmmateri al;

form ng a silicon-containing resist underl ayer
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filmon the organic film by using the conposition for
formng a silicon-containing resist underlayer film of
any one of [4] to [7];

form ng a resist upper layer filmon the silicon-
contai ning resist underlayer filmby using a resi st
upper layer film conposition conprising a photoresist
conposi tion;

formng a circuit pattern in the resist upper
| ayer film

transferring the pattern to the silicon-containing
resi st underlayer filmby etching while using the resist
upper layer filmhaving the formed circuit pattern as a
mask;

transferring the pattern to the organic film by
etching while using the silicon-containing resist
underl ayer film having the transferred pattern as a
mask; and

transferring the pattern to the body to be
processed by etching while using the organic film having
the transferred pattern as a mask.

[9]: A patterning process for formng a pattern in
a body to be processed, conprising the steps of:

formng a hard mask on a body to be processed by a
CVD net hod,;

form ng a silicon-containing resist underl ayer
filmon the hard mask by using the conposition for
formng a silicon-containing resist underlayer film of
any one of [4] to [7];

form ng a resist upper layer filmon the silicon-
contai ning resist underlayer filmby using a resist
upper |ayer film conposition conprising a photoresist
conposi tion;

forming a circuit pattern in the resist upper
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| ayer film

transferring the pattern to the silicon-containing
resi st underlayer filmby etching while using the resist
upper layer filmhaving the fornmed circuit pattern as a
mask;

transferring the pattern to the hard mask by dry
etching while using the silicon-containing resist
underl ayer film having the transferred pattern as a
mask; and

transferring the pattern to the body to be
processed by dry etching while using the hard mask
having the transferred pattern as a mask.

[ 10]: The patterning process of [8] or [9],
wherein the circuit pattern is formed in the resi st
upper layer filmby a photolithography with a wavel ength
of 10 nmor nore and 300 nmor less, a direct draw ng by
el ectron beam a nanoinprinting, or a conbination
t her eof .

[ 11]: The patterni ng process of any one of [8] to
[ 10], wherein the body to be processed is a
sem conductor device substrate or the sem conductor
devi ce substrate coated with any of a netal film a
metal carbide film a metal oxide film a metal nitride
film a metal oxycarbide film and a netal oxynitride
film

[12]: The patterning process of [11l], wherein the
metal is silicon, gallium titanium tungsten, hafnium
zirconium chrom um germani um copper, silver, gold,
i ndium arsenic, palladium tantalum iridium alum num
i ron, nolybdenum cobalt, or an alloy thereof.
[ 0242]

It should be noted that the present invention is

not limted to the above-descri bed enmbodi nents. The
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enbodi nrents are just exanples, and any exanples that
have substantially the same feature and denonstrate the
same 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 invention.
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CLAI Ms

[Claim1] A pol yval ent ammoni um salt conpound havi ng
two or nore ammoni um i ons per nol ecule, the pol yval ent
ammoni um salt conmpound bei ng represented by the

foll ow ng general fornula (A-1),

AR +w“fﬁ‘“wxm+f”fgz

ﬁ/ ‘iﬁ lis’“’\x%

4

(A-1)

wherein Ry represents a hydrocarbon group having 1 to 20
carbon atons and optionally having a substituent or an
aromatic group having 6 to 20 carbon atonms and
optionally having a substituent, and optionally contains
one or nore nitrogen atoms; R, R3, R4, Rs, Rs, and Ry
each i ndependently represent a hydrogen atom a

hydr ocar bon group having 1 to 20 carbon atons and
optionally having a substituent, or an aromatic group
having 6 to 20 carbon atonms and optionally having a
substituent, and optionally contain one or nore nitrogen
atons; any two or nore selected fromR;, R, R3, R4, Rs,
Rs, and R; are optionally bonded to each other to forma
ring together with the nitrogen atomin the fornmula; A
represents an organic or inorganic anion to be a counter
i on of an ammoni um cation, and excl udes

bi strifl uoronethanesul fonylim de; and “n” represents an

i nteger of 2 to 10.

[ Claim 2] The pol yval ent ammoni um salt conpound
according to claim 1, wherein the A is formate, acetate,
propi onate, butyrate, hexanoate, benzoate, t-

butyl benzoate, trichloroacetate, trifluoroacetate, 2-
hydr oxy- 2, 2-bi s(trifluoronmethyl)acetate,
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trimethyl acetate, pentafl uoropropionate,

met hanesul f onate, butanesul fonate, benzenesul f onat e,
tol uenesul fonate, trifluoronethanesul fonate, nethyl
sulfate ion, chloride ion, brom de ion, iodide ion,
fluoride ion, cyanide ion, nitrate ion, nitrite ion, or

hydr oxi de i on.

[ Claim 3] The pol yval ent ammoni um salt conpound
according to claim1l or 2, represented by the follow ng
general formula (B-1), the follow ng general fornula (B-
2), the follow ng general formula (B-3), or the
foll ow ng general fornula (B-4),

By
iy

4+ { +

wﬁ

N e,
By 4"'”5{5%,\5 i“f Ry2

A &13

wherein Ri1, Ri2, Riz, and Ris each independently

A

(B-1)

represent a hydrogen atom a hydrocarbon group having 1
to 20 carbon atons and optionally having a substituent,
or an aromatic group having 6 to 20 carbon atons and
optionally having a substituent; and A is as defined
above,
F 5\5\?2;’“\%;@22 |
N' N

+ A

¢ (B-2)

é’; :?%23
wherein R, Rz, Res, Resa, Res, and Ree each independently
represent a hydrogen atom a hydrocarbon group having 1
to 20 carbon atons and optionally having a substituent,
or an aromatic group having 6 to 20 carbon atons and
optionally having a substituent; and A is as defined

above,
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wherein Rsi, Rs2, Rss, Rss, Rss, Rss, and Rs7 each
i ndependently represent a hydrogen atom a hydrocarbon
group having 1 to 20 carbon atons and optionally having
a substituent, or an aromatic group having 6 to 20
carbon atonms and optionally having a substituent; and A
is as defined above,

Rso

i
?:3‘48”’% M\Rw Hs9 : 3

Pt (B-4)

Hay g Hag 4
N+
Ty e
Re” | “Ru
46

wherein Rs1, Rs2, and Rs3z each i ndependently represent a

g49‘\&%

hydr ocar bon group having 1 to 20 carbon atons and
optionally having a substituent or an aromatic group
having 6 to 20 carbon atonms and optionally having a
substituent; R, Rus, Rue, Ru7, Rus, Rao, Rso, Rsi, Rs2, and
Rs3 each i ndependently represent a hydrogen atom a

hydr ocar bon group having 1 to 20 carbon atons and
optionally having a substituent, or an aromatic group
having 6 to 20 carbon atonms and optionally having a

substituent; and A is as defined above.

[ Cl ai m 4] A conposition for formng a silicon-
containing resist underlayer film conprising: the

pol yval ent anmoni um salt conpound according to any one
of claims 1 to 3; and a thermally crosslinkable

pol ysi | oxane.
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[ Cl ai m 5] The conposition for formng a silicon-
containing resist underlayer filmaccording to claim4
wherein the thermally crosslinkabl e polysiloxane

contains any one or nore of a repeating unit represented
by the follow ng general fornula (Sx-1), a repeating

unit represented by the follow ng general formula (Sx-2),
and a partial structure represented by the foll ow ng
general formula (Sx-3),

FQ?
—észi—CH— (Sx 1)

T

R
—ESZi—O—} (Sx—2)
F22
R
(R3éi—OJr (Sx—3)
22

wherein R, R, and R3 are each identical to or different
fromeach other and represent a nonoval ent organi c group

having 1 to 30 carbon atomns.
[ Cl ai m 6] The conposition for formng a silicon-

containing resist underlayer filmaccording to claim4

or 5, further conprising an acid generator.
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[Claim 7] The conposition for formng a silicon-
contai ning resist underlayer filmaccording to claim 6,
wherein the acid generator is a photo-acid generator,
whi ch generates an acid by an action of a high-energy

beam

[ Cl ai m 8] A patterning process for formng a pattern
in a body to be processed, conprising the steps of:

form ng an organic filmon a body to be processed
by using a coating-type organic film materi al;

formng a silicon-containing resist underl ayer
filmon the organic film by using the conposition for
formng a silicon-containing resist underlayer film
according to any one of clains 4 to 7;

formng a resist upper layer filmon the silicon-
containing resist underlayer film by using a resist
upper |ayer film conposition conprising a photoresist
conposition;

forming a circuit pattern in the resist upper
| ayer film

transferring the pattern to the silicon-containing
resi st underlayer filmby etching while using the resist
upper layer filmhaving the fornmed circuit pattern as a
mask;

transferring the pattern to the organic film by
etching while using the silicon-containing resist
underlayer film having the transferred pattern as a
mask; and

transferring the pattern to the body to be
processed by etching while using the organic film having
the transferred pattern as a mask.
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[ Claim 9] A patterning process for formng a pattern
in a body to be processed, conprising the steps of:

formng a hard mask on a body to be processed by a
CVD net hod,;

form ng a silicon-containing resist underl ayer
filmon the hard mask by using the conposition for
formng a silicon-containing resist underlayer film
according to any one of clains 4 to 7,

form ng a resist upper layer filmon the silicon-
contai ning resist underlayer filmby using a resist
upper layer film conposition conprising a photoresist
conposi tion;

formng a circuit pattern in the resist upper
| ayer film

transferring the pattern to the silicon-containing
resi st underlayer filmby etching while using the resist
upper layer filmhaving the fornmed circuit pattern as a
mask;

transferring the pattern to the hard mask by dry
etching while using the silicon-containing resist
underl ayer film having the transferred pattern as a
mask; and

transferring the pattern to the body to be
processed by dry etching while using the hard mask

having the transferred pattern as a mask.

[Claim10] The patterning process according to claim$8
or 9, wherein the circuit pattern is forned in the
resi st upper layer filmby a photolithography with a
wavel ength of 10 nmor nore and 300 nmor less, a direct
drawi ng by el ectron beam a nanoinprinting, or a

conbi nati on thereof.
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[Claim 11] The patterning process according to any one
of clains 8 to 10, wherein the body to be processed is a
sem conductor device substrate or the sem conductor

devi ce substrate coated with any of a netal film a
metal carbide film a metal oxide film a nmetal nitride
film a metal oxycarbide film and a netal oxynitride

film

[Claim 12] The patterning process according to claim
11, wherein the nmetal is silicon, gallium titanium
tungsten, hafnium zirconium chrom um germani um
copper, silver, gold, indium arsenic, palladium
tantalum iridium alum num iron, nolybdenum cobalt,

or an all oy thereof.
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