DESCRI PTI ON

TI TLE OF | NVENTI ON: COWPOSI TI ON FOR FORM NG FI LM METHOD
FOR FORM NG ORGANI C FI LM PATTERNI NG PROCESS, MONOVER
AND POLYMER

TECHNI CAL FI ELD
[ 0001]

The present invention relates to a conposition for
form ng an organic film a method for form ng an organic

film a patterning process, a nononer, and a pol yner.

BACKGROUND ART
[ 0002]

As LSIs advance toward higher integration and
hi gher processing speed, mniaturization of pattern rule
I's progressing rapidly. This is because the spread of
hi gh- speed comuni cati on of 5th generation nobile
networ ks and artificial intelligence (Al) has
progressed, and hi gh-performance devices for processing
t hese are needed. As a cutting-edge technol ogy for
m ni aturization, 5-nm node devices have been mass-
produced by extrene ultraviolet ray (EUV) lithography at
a wavel ength of 13.5 nm Furthernore, the use of EUV
i thography is being studied also for
next - generation 3-nm node and the foll ow ng-generation
2-nm node devi ces.

[ 0003]

It is known that in a nonol ayer resist nmethod,
which is enployed as a typical resist patterning
process, as the thinning of resist patterns progresses
as descri bed above, patterning becones difficult and

that a nmultilayer resist method, in which a pattern is



formed by lamnating filnms having different dry etching
properties to forma pattern with a high aspect ratio on
an uneven substrate, is excellent as a fine pattern
processi ng net hod. Thus, there have been devel oped and
put into practical use a three-layer resist method
(Patent Docunent 2) in which a photoresist |ayer nmade of
an organi ¢ photosensitive polynmer used in a nonol ayer
resist method is conbined with a mddle | ayer made of a
silicon-based polynmer or a silicon-based CVD film and a
under | ayer nmade of an organic pol yner.

[ 0004]

In this three-layer resist nethod, for exanple, an
organic film made of a novolak or the like is fornmed
uniformy as a resist underlayer filmon a substrate to
be processed; a silicon-containing filmis forned
thereon as a resist mddle |layer film and an ordi nary
organi c photoresist filmis fornmed thereon as a resist
upper layer film In dry etching using a fluorine-based
gas plasma, an organic resist upper layer film has
favorabl e etching selectivity to a silicon-containing
resist mddle layer film and therefore, a resist
pattern is transferred to the silicon-containing resist
m ddl e | ayer filmby dry etching using a fluorine-based
gas plasma. According to this nethod, the pattern can
be transferred to the silicon-containing film even when
using a resist conposition that causes difficulties in
formng a pattern having a sufficient filmthickness for
directly processing the substrate to be processed or
when using a resist conposition that does not have
sufficient dry etching resistance for processing the
substrate. |In addition, by subsequently transferring
the pattern by dry etching with an oxygen-based gas

plasma, it is possible to obtain a pattern in an organic



filmhaving sufficient dry etching resistance for
processi ng.
[ 0005]

Many techniques are already publicly known (e.g.
Pat ent Docunent 2) regardi ng organi c underlayer filnms as
descri bed above. However, in association with recent
progress in mniaturization, the need for excellent
filling property in addition to dry etching property is
rising. There is a demand for an organi c underl ayer
filmmaterial that enables uniformfilmformtion even
on an underlying substrate to be processed having a
conplex formor material, and that has a filling
property that allows spaces in a required pattern to be
filled without gaps.

[ 0006]

When a sem conductor substrate or the like is
manuf act ured, the above-descri bed organi c underl ayer
filmis formed using a coater/devel oper that can perform
treatnments, such as a spin-coating process, a EBR
process, and baking process. The EBR (Edge Bead
Renoval ) process is a process of renoving, after formng
a filmon a substrate (wafer) by spin-coating, coating
filmon the edge of the substrate with a renover, for
t he purpose of preventing the contam nation of a
substrate-conveying arm of the coater/devel oper. The
renmovers used in the EBR process includes a m xed
solution of propylene glycol mononethyl ether acetate
and propyl ene glycol nonomethyl ether (30 mass% : 70
mass?% , and such renovers are widely used in the EBR
processes of resist filns and resist underlayer filns
(silicon-containing resist mddle |ayer filnms and
organi ¢ underl ayer filns).

[ 0007]



Due to the effect of a renmover in an EBR process, a
state (a hunp) where a peripheral portion of an organic
underl ayer filmis thick occurs in sone cases. |n the
above-descri bed dry etching process in processing a
substrate, the hunp causes a defect, and therefore, an
organi ¢ underlayer filmin which the hunp is prevented
I's desired.

[ 0008]

Not only an organi c underlayer film but also a
resist material used in photolithography using the above
organi ¢ photosensitive polynmer are fornmed to be a film
by applying a solution by a nethod, such as spin
coating, as with the organic underlayer filmand then
evaporating the solvent by being baked. As with the
organi ¢ underlayer film the filmis desired to have a
uni formthickness after baking and be flat, and the
requirements for uniformty and fl atness are becom ng
stricter every year.

[ 0009]

In recent years, there is a demand for a thick
resist filmfor 3D-NAND nenory applications, and even
greater flatness is required. As the filmthickness
I ncreases, it becones nore difficult to achieve flatness
of the film On the other hand, as mniaturization
progresses, the filmthickness is becom ng thinner, and
in this case, the risk of occurring of a pinhole defect
and the |like is increasing.

[ 0010]

The above describes exanples of a filmmateri al
usi ng organi ¢ substances used in sem conduct or
processing materials. However, even in the case of a
material for formng a filmthat does not use organic

substances, it is of great industrial advantage to



obtain a material that forms a filmwth uniformin-
pl ane filmthickness w thout making a pinhole.
[0011]

In recent years, the health effects of
perfluoroal kyl conpounds (PFAS) have been pointed out,
and there is a novenent to inmpose restrictions on the
manuf acturing and sal e of PFAS conpounds under REACH in
Europa. Perfl uoroal kyl conpounds have a w de range of
uses, and because of their properties due to their
structure, such as repelling water and oil, being
resistant to heat and chem cals, and not absorbing
light, they are used in a w de range of applications,
such as a water repellent, a surface treatnent agent, an
emul sifier, a fire extinguishing agent, and a coating
agent. Therefore, there is an urgent need to devel op
alternative materials that do not have a PFAS structure.
[0012]

As an exanple of the material using the above-
menti oned perfluoroal kyl conpound, a surfactant having a
fluoroal kyl group or a silicone chain is highly
effective in reducing surface tension, and in
particular, a fluoroal kyl group-based surfactant that
has a |ow risk of generating silicon-derived particles
after dry ashing of a resist filmis widely used (Patent
Docunments 3 and 4). In addition to the resist
materials, fluorine-based surfactants are used also in
top coats fornmed on an upper layer of a resist and in
anti-reflective filnms formed on an underl ayer under a
resi st (Patent Docunent 5).

[ 0013]

In view of the future tightening of regulations, it

IS necessary to use a material that do not fall under

t he PFAS regul ations. For exanmple, a surfactant having



a trifluoromethoxy group or a pentafluorosul fanyl group
and their use have been proposed as the above-nentioned
surfactants (Patent Document 6). |In addition, in the
field of a resist material, resist materials using a
phot o- aci d generator have al so been proposed (Patent
Docunment 7).

Cl TATI ON LI ST
PATENT LI TERATURE
[ 0014]

Pat ent Docunent JP4355943B2, etc.
JP2004- 205685A
JPHO6- 186735A
JPHO06- 214380A
JP2010- 139822A
JP2008-526792A

W02023/ 223624A1

Pat ent Docunent
Pat ent Docunent
Pat ent Docunent
Pat ent Docunent

Pat ent Docunent

~N o o~ WDN P

Pat ent Docunent

SUMVARY OF | NVENTI ON
TECHNI CAL PROBLEM
[ 0015]

The present invention has been nade in view of the
above-descri bed circunstances. An object of the present
invention is to provide a conposition for formng a film
that has a |l ess environnmental |oad and excel |l ent
coatability on a substrate.

SOLUTI ON TO PROBLEM
[ 0016]

To solve the above problens, the present invention
provides a conposition for formng a filmconprising a
pol ymer having an aromatic group having a

pent af | uorosul fanyl group as a substituent.



[0017]

In this event, the polynmer is preferably a polyner
(a) having a repeating unit “a” having an aronmatic group
havi ng a pentafl uorosul fanyl group as a substituent.

[ 0018]

The conposition for formng a filmincluding the
polymer with such a structure is considered to be able
to utilize a synergistic effect of: interaction between
aromatic rings; and an effect simlar to the
“"fluorophilic" effect under discussion for a
perfl uoroal kyl group, the effect by which the behavi or
of the hydrophobic group is enhanced by that the
presence of an aromatic group having a
pent af | uorosul fanyl group as a repeating unit
facilitates formati on of an aggregated structure through
the two interactive effects between the
pent af | uor osul fanyl groups and between the benzene
rings. Therefore, the inventive conposition for form ng
a filmcan provide a material for formng a filmthat
can be applied not only to a material for formng a film
i ncluding only various polynmers, but also to a materi al
for formng a filmincluding organic polymers, organic
conpounds, or inorganic substances, such as silicon,
titanium and zirconium
[ 0019]

Further, the repeating unit “a” is preferably
represented by any one of the following fornmulae (al) to
(ad).



{a 1)
I n the above fornmula, “p” represents an integer of

1to 3; “n” represents an integer of 0 to 5; “ni
represents an integer of O to 4; Ry represents a hydrogen
atom or a methyl group; R represents a hydrocarbyl group
having 1 to 6 carbon atonms, a hydrocar byl oxy group
having 1 to 12 carbon atons, a hydrocarbyl oxycarbonyl
group having 2 to 6 carbon atons, a

hydr ocar byl car bonyl oxy group having 2 to 12 carbon

atoms, a hydroxy group, a carboxy group, a hal ogen atom
a trifluoromethoxy group, a cyano group, or a nitro
group; Xi represents a single bond, an ester bond, an

et her bond, a sulfonic acid ester group, a sulfonam de
group, an am de bond, or a phenyl ene group; Xz represents
a single bond or a hydrocarbyl ene group having 1 to 20
carbon atons when “p” represents 1, and X; represents a
(p+1)-val ent hydrocarbon group having 1 to 20 carbon
atoms when “p” represents 2 or 3, and the hydrocarbyl ene
group and the (p+1l)-val ent hydrocarbon group may contain
at | east one atom selected fromthe group consisting of
an oxygen atom a sulfur atom a nitrogen atom and a

hal ogen atom Xz represents a single bond or an ether
bond; and Ari: each independently represents an (mtn+1) -
val ent group derived from benzene or napht hal ene,

provi ded that at | east one of “n”s in the fornula

represents 1 or nore.



.

(RZ)m (

X3-SFs )

(a2)

In the above fornula, “n” and “ni represent the
same as defined above, “I” represents an integer of 0 to
3, and at |east one of the two “n”s and the two “1”s in
the fornula represents 1 or nore; R and Xs represent the
sanme as defined above; and R:; represents the follow ng
general formula (a2-1); Ar» each independently represents
an (n+mtl +2)-val ent aromati c hydrocarbon group having 6
to 30 carbon atons; and Ars represents an (n+mtl +1) -

val ent group derived from benzene or napht hal ene.

R3 = __X3_X4 \y_—éx3—_SF5 ) (82-1)

I n the above fornula, Xz and “n” represent the sane
as above; X4 represents a single bond or a hydrocarbyl ene
group having 1 to 12 carbon atonms, and the
hydr ocar byl ene group nay have at | east one selected from
t he group consisting of a hydroxy group, a saturated
hydr ocar byl oxy group having 1 to 6 carbon atons, an
et her bond, an ester bond, and an am de bond; and Arg4
represents an (n+l)-valent group derived from benzene or
napht hal ene.
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(@3)

In the above fornmul a,

n", “nf, “l”, Arz, R, Rs,
and X3 represent the sane as defined above; Rs represents
a hydrogen atom or a hydrocarbyl group having 1 to 10
carbon atons, and the hydrocarbyl group may have an

oxygen atom but does not have a substituent having SFs;

and at | east one of “n” and in the fornul a

represents 1 or nore.

o)

R
4 R,

(@4)

I n the above fornula, Rs and Rs represent the sane
as defined above.
[ 0020]

The polymer having the repeating units shown above
can utilize the interactive effects between the
nol ecul es effectively and can provide an excell ent
material for formng a film
[ 0021]

In this event, the repeating unit “a” is preferably
represented by the fornula (al).
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[ 0022]

When consi dering easiness in manufacturing a
mat eri al and a range of conbination with polymers and
conpounds for formng an organic film it is
advant ageous to have a repeating unit represented by
(al).

[ 0023]

The polymer (a) preferably conprises further a
repeating unit “bl” having a hydrophilic group sel ected
fromthe group consisting of an ether bond, an ester
bond, a hydroxy group, a carboxy group, a sulfonam de
bond, a sulfonimde bond, a sulfo group, a lactone ring,
a sultone ring, a carbonate bond, a urethane bond, and
an am de bond.

[ 0024]

The inventive material for formng a filmis
excellent in filmformability as mentioned before, but
by incorporating the above hydrophilic group with a
repeating unit, the polymer can contribute as a rel axing
unit for the aggregated structure nentioned before and
makes it possible to expand its versatility as a
material for formng a film For exanple, it is also
possible to provide a material for formng a filmthat
can be applicable to a variety of filmthickness
(i ndependent of the concentration of a solution) by
adjusting a surface activating ability.

[ 0025]

Further, the conmposition for formng a filmis
preferably a conmposition for formng an organic film
conprising (A) a resin or conpound for form ng an
organic film (B) the polyner (a); and (C) a solvent.

[ 0026]

By conbining the polynmer (a) described above with a
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resin or conpound for formng an organic filmand a
solvent, the conposition can be used as a conposition
for formng an organic film

[ 0027]

Further, the conponent (B) is preferably contained
in an amount of 0.01 to 5 parts by mass based on 100
parts by mass of the conponent (A).

[ 0028]

By addi ng the polynmer (a) in such a range, it is
possi ble to enhance filmformability of the conposition
for formng an organic film Therefore, although there
are a variety of resins or conpounds, such as resins
having variety of repeating units, conmpounds with a
rigid structure and high crystallinity, and conpounds
having a substituent with high polarity, the inventive
pol yner (a) can provide a conmposition for form ng an
organic filmwth excellent filmformbility even when
usi ng such resins or conpounds having different
properties.

[ 0029]

Furthernore, the conposition for formng a film
preferably conprises (D) a photo-acid generator or (E) a
t hermal acid generator further.

[ 0030]

By using such a conposition for form ng an organic
film it is possible to inpart photosensitivity or the
li ke to a conposition for formng an organic film and
apply the inventive conposition for form ng an organic
filmto a resist material used for photolithography.

[ 0031]

Further, the present invention provide a nethod for

formng an organic filmto be used in a manufacturing

process of a sem conductor device, the nethod
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conpri si ng:

spin-coating a substrate to be processed with the
conposition for formng a film above; and

formng a cured filmby heating the substrate
coated with the conposition for forming a filmat a
tenperature of 100°C or higher and 600°C or |ower for 10
to 600 seconds.

[ 0032]

The inventive conmposition for formng an organic
filmis useful especially in the case: where a pattern
in a conplicated formon a substrate to be processed is
filled by spin-coating; an organic film having excellent
in-plane uniformty is fornmed; and the organic film on
t he edge of the substrate is renoved while preventing a
hump in the EBR process.

[ 0033]

Further, the present invention provides a
patterning process conprising:

form ng an organic filmon a body to be processed
by using the conposition for formng a film above;

formng a resist mddle layer filmon the organic
filmby using a silicon-containing resist mddle |ayer
filmmterial;

form ng a resist upper layer filmon the resist
m ddl e | ayer film by using a resist upper layer film
mat eri al conprising a photoresist conposition;

formng a circuit pattern in the resist upper |ayer
film

transferring the pattern to the resist mddle |ayer
filmby etching while using the resist upper layer film
having the fornmed circuit pattern as a mask;

transferring the pattern to the organic film by

etching while using the resist mddle layer film having
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the transferred pattern as a mask; and

further transferring the pattern in the body to be
processed by etching while using the organic film having
the transferred pattern as a mask.
[ 0034]

Further, the present invention provides a
patterning process conprising:

formng an organic filmon a body to be processed
by using the conposition for formng a film above;

formng a resist mddle layer filmon the organic
filmby using a silicon-containing resist mddle |ayer
filmmterial;

form ng an organic antireflective filmor an
adhesive filmon the resist mddle |ayer film

form ng a resist upper layer filmon the organic
antireflective filmor the adhesive filmby using a
resi st upper layer filmmterial conprising a
phot or esi st conposition;

forming a circuit pattern in the resist upper |ayer
film

transferring the pattern to the organic
antireflective filmor the adhesive filmand to the
resist mddle layer filmby etching while using the
resi st upper layer filmhaving the formed circuit
pattern as a mask

transferring the pattern to the organic film by
etching while using the resist mddle layer film having
the transferred pattern as a mask; and

further transferring the pattern to the body to be
processed by etching while using the organic film having
the transferred pattern as a mask.
[ 0035]

Further, the present invention provides a



15

patterni ng process conpri sing:

formng an organic filmon a body to be processed
by using the conposition for formng a film above;

form ng an inorganic hard nask selected fromthe
group consisting of a silicon oxide film a silicon
nitride film and a silicon oxynitride filmon the
organic film

formng a resist upper layer filmon the inorganic
hard mask by using a resist upper |layer filmmteri al
conpri sing a photoresist conmposition;

forming a circuit pattern in the resist upper |ayer
film

transferring the pattern to the inorganic hard mask
by etching while using the resist upper layer film
having the formed circuit pattern as a mask

transferring the pattern to the organic film by
etching while using the inorganic hard mask having the
transferred pattern as a mask; and

further transferring the pattern to the body to be
processed by etching while using the organic film having
the transferred pattern as a mask.
[ 0036]

Further, the present invention provides a
patterni ng process conpri sing:

form ng an organic filmon a body to be processed
by using the conposition for formng a film above;

form ng an inorganic hard mask selected fromthe
group consisting of a silicon oxide film a silicon
nitride film and a silicon oxynitride filmon the
organic film

form ng an organic antireflective filmor an
adhesive filmon the inorganic hard mask;

form ng a resist upper layer filmon the organic
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antireflective filmor the adhesive filmby using a
resi st upper layer filmmterial conprising a
phot or esi st conposition;

forming a circuit pattern in the resist upper |ayer
film

transferring the pattern to the organic
antireflective filmor the adhesive filmand to the
I norgani ¢ hard mask by 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 inorganic hard mask havi ng the
transferred pattern as a mask; and

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

[ 0037]

As descri bed above, the inventive conposition for
form ng an organic filmcan be used suitably for
different patterning processes, such as a three-|ayer
resi st process using a silicon-containing resist mddle
| ayer film or an inorganic hard mask and a four-I|ayer
resi st process using an organic antireflective filmin
addition to these. By using such patterning processes
of the present invention, it is possible to transfer and
forma circuit pattern of a resist upper layer filmin a
body to be processed with high precision.

[ 0038]

Further, the inorganic hard mask is preferably

formed by a CVD nethod or an ALD net hod.
[ 0039]
In the present patterning process, for exanple, an

i norgani ¢ hard mask can be formed by such met hods.
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[ 0040]

Further, the circuit pattern is preferably forned
by a lithography using |ight having a wavel ength of 10
nm or nore and 300 nmor less, a direct witing with an
el ectron beam nanoi nprinting, or a conbination thereof.
[ 0041]

Further, the circuit pattern is preferably
devel oped with an al kali ne devel opnent or an organic
sol vent .

[ 0042]

In the inventive patterning process, such a circuit
pattern form ng neans and devel opi ng means can be
sui tably used.

[ 0043]

Further, the body to be processed is preferably 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
[ 0044]

In this event, the nmetal constituting the body to
be processed is preferably silicon, titanium tungsten,
haf ni um zirconium chrom um gernmani um copper, silver
gold, alum num indium gallium arsenic, palladium
iron, tantalum iridium nolybdenum or an all oy
t her eof .

[ 0045]

The inventive patterning process nmakes it possible
to process the above-descri bed body to be processed to
forma pattern.

[ 0046]
Further, the present invention provides a
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patterni ng process conpri sing:

formng a resist filmon a substrate by using the
conposition for formng a film above;

exposing the resist filmto a high-energy beam and

devel opi ng the exposed resist filmby using a
devel oper.

[ 0047]

By using the inventive conposition for formng a
film it is possible to performthe above-described
exposure to light to performa pattern.

[ 0048]

In this event, the high-energy beamis preferably a
g-line, ani-line, a KrF exciner |aser beam an ArF
exci mer | aser beam an ultraviolet ray, an electron
beam or an extrene ultraviolet ray having a wavel ength
of 3 to 15 nm
[ 0049]

By using the above-described hi gh-energy beam it
is possible to forma fine pattern.

[ 0050]
Further, the present invention provide a nononer

represented by the follow ng general fornula (a5).

\/Rx

\
4

I-a (a 5)

In the fornmula, R« represents a hydrogen atom or a

met hyl group; Xa represents a single bond, a phenyl ene
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group, a naphthyl ene group, or a linking group having 1
to 12 carbon atons and having an ester bond, an ether
bond, or a lactone ring, and may have an oxygen atom a
nitrogen atom a sulfur atom and/or a hal ogen atont and
La represents an acid-labile group and has an aromatic
group having at | east one pentafluorosul fanyl group as a
substi tuent.
[ 0051]

The inventive nononmer is preferably represented by

the follow ng general formula (a6).

ny

/%/\|
m(R13) (SFsh (. 6)

In the formula, Xsand R represent the sane
defi ned above; Ri1 and Ri2 each i ndependently represent a
| i near, branched, or cyclic al kyl group having 1 to 12
carbon atons, a linear, branched, or cyclic al kenyl
group having 2 to 12 carbon atons, a |linear, branched,
or cyclic al kynyl group having 2 to 12 carbon atons, or
an aryl group having 5 to 10 carbon atons, each of which
may have an oxygen atom and/or a sulfur atom and Ry;1 and
Ri2 may bond to each other to forma ring; Riz each
I ndependently represents a hydrogen atom a hal ogen

atom an al kyl group having 1 to 4 carbon atons, or an
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al koxy group; “n’ represents an integer of 0 to 4; and
“n” represents an integer of 1 to 3.
[ 0052]

The above nononers are prom sing candi dates to
repl ace conventional nmonomers into which a fluorine
substituent has been introduced as nononers that is not
subj ect to the PFAS regul ations.

[ 0053]

The present invention provides a polyner having a
repeating unit represented by the foll ow ng general
formul a (a7) and having a wei ght-average nol ecul ar
wei ght in a range of 100 to 500, 000.

RX

La (a 7)

In the fornmula, R« represents a hydrogen atom or a
met hyl group; Xa represents a single bond, a phenyl ene
group, a naphthylene group, or a linking group having 1
to 12 carbon atons and having an ester bond, an ether
bond, or a lactone ring, and may have an oxygen atom a
nitrogen atom a sulfur atom and/or a hal ogen atom La
represents an acid-labile group and has an aromatic
group having at | east one pentafluorosul fanyl group as a
substi tuent.

[ 0054]

The inventive polynmer preferably have a repeating

unit represented by the follow ng general fornula (a8)

and preferably have a wei ght-average nol ecul ar wei ght in
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a range of 100 to 500, 000.

Rx

NN
a
X0

/%/\‘

m(R13) (SFS)n (a 8)

In the formula, Xsand R represent the sane
defi ned above; Ri1 and Ri2 each independently represent a
| i near, branched, or cyclic al kyl group having 1 to 12
carbon atons, a linear, branched, or cyclic al kenyl
group having 2 to 12 carbon atons, a |linear, branched,
or cyclic alkynyl group having 2 to 12 carbon atoms, or
an aryl group having 5 to 10 carbon atons, each of which
may have an oxygen atom and/or a sulfur atom and Ry;1 and
Ri2 may bond to each other to forma ring;, Riz each
I ndependently represents a hydrogen atom a hal ogen
atom an al kyl group having 1 to 4 carbon atons, or an

al koxy group; “n’ represents an integer of 0 to 4; and

n” represents an integer of 1 to 3.
[ 0055]
The above-descri bed polynmers are prom sing
candi dates as polyners that do not fall under the PFAS
regul ati ons and can repl ace conventional polyners having

a fluorine substituent introduced.
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ADVANTAGEQUS EFFECTS OF | NVENTI ON
[ 0056]

As descri bed above, the present invention can apply
to a conposition for formng a filmthat is excellent in
filmformability (in-plane uniformty) on a substrate
(wafer) and filling property, and can provide a
conposition for formng an organic filmthat is
excellent in filmformability on the organic film and
prevents a hunp in a EBR process when the material for
form ng an organic filmconbined with a resin or
conpound for formng an organic filmis used for an
organi ¢ underlayer film |In addition, also when the
conposition for formng an organic filmis used as a
resist material in conmbination with a photo-acid
generator or the like, it is possible to process a fine
pattern as a resist material for photolithography wth
excellent in-plane uniformty. |In addition, by
conbining with a hydrophilic unit to make a copol yner,
it can be applied to not only various materials for
form ng an organic filmbut also materials for formng a
filmhaving a metal atom such as silicon, and useful as
a versatile material for formng a filmthat achieves
high filmformability. The inventive conposition for
formng an organic filmis extrenely useful as a
material for an organic filmused in a nultilayer resist
process, such as a two-|ayer resist process, a three-
| ayer resist process using a silicon-containing resist
underlayer filmor an inorganic hard mask, and a four-
| ayer resist process using a silicon-containing resist
underlayer filmor an inorganic hard mask and an organic
antireflective film or as material for formng a film
for manufacturing sem conductor device such as a

photoresist material. Furthernore, the inventive
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conposition for formng a filmdoes not have any probl em

in terns of environnental inpact.

BRI EF DESCRI PTI ON OF DRAW NGS
[ 0057]

FIG 1 is an exanple of a graph showi ng the hei ght
of hunmp of a conposition for formng an organic film
wi th hunmp suppressed, neasured using a stylus profiler;

FIG 2 is an exanple of a graph showi ng the hei ght
of hunmp of a conposition for formng an organic film
with hunp not-suppressed, neasured using a stylus
profiler;

FIG 3 is an explanatory diagramfor an exanpl e of
a patterning process according to the inventive three-
| ayer resist process; and

FIG 4 is an explanatory diagram of a method for
evaluating the filling property in Exanples.

DESCRI PTI ON OF EMBODI MENTS
[ 0058]

As descri bed above, it has been desired to devel op
a material for forming a filmthat is excellent in hunmp
characteristics and filmformability, can achieve high
in-plane uniformty and filling property, and can
wi t hst and environmental regul ations.
[ 0059]

For exanpl e, when an organic filmis to be forned,
a resin for formng an organic filmand additives are
di ssolved in an organic solvent to forma conposition;
the conposition is applied with a coater/devel oper onto
a substrate on which a structure, wring, etc. is
formed; the conposition is spread by rotating the

substrate; the conposition on the edge is renoved in an
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EBR process; and then the conposition is baked to form
an organic film
[ 0060]

When t he above conposition has insufficient
surface-active effect, it is thought that surfactants
are distributed non-uniformy in a filmto generate a
gap in filling a hole or trench having a very high
aspect ratio, and that a hunp is generated in the
peri phery of the organic filmif the resin for form ng
an organic filmor the additives have poor solubility in
t he renmover used in the EBR process.

[ 0061]

The inventors perfornmed diligent studies to obtain
a material for formng a filmthat has excellent film
formability, which are desired characteristics in recent
years, such as high flatness after being applied and a
good coatability at the outernost edge of a substrate
(wafer), and has | ess occurrence of a defect after
coating, devel oping, and etching. As a result, they
found that use of a polynmer having a specific
substituent can provide a conposition for form ng an
organic filmthat is excellent in filmformability, high
filling property, and preventing a hunp in the EBR
process, and have conpleted the present invention. The
i nventive conposition for formng a filmhas a pol yner
having an aromatic group having a pentafl uorosul fanyl
group as a substituent is a structure not subject to
PFAS regul ations and thus is expected to be an
i ndustrially useful material under consideration also in
terms of environnments.

[ 0062]
That is, the present invention is a conposition for

formng a filmconmprising a polyner having an aromatic
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group having a pentafluorosul fanyl group as a
substi tuent.
[ 0063]

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

[ 0064]
[ Composition for Form ng Fil n

The present invention provides a conposition for
formng a filmcontaining a polyner having an aromatic
group having a pentafluorosul fanyl group as a
substituent, that does not fall under the category of a
perfluoroal kyl conpound (PFAS).

[ 0065]

By using a conposition for formng an organic film
containing this polymer, it is possible to forma film
t hat has excellent coatability in terns of a coating
defect, such as a pinhole on a substrate (wafer), film
formability (in-plane uniformty), and filling property.
Furthernmore, by using this conmposition for form ng an
organic filmas an organic underlayer filmmaterial, it
is possible to provide an organic filmthat has an
excel l ent process margi n when used as an organic
underlayer filmfor a nmultilayer resist, and it is also
possi ble to provide a nethod for form ng an organic film
and a patterning process using this conposition for
formng an organic film Furthernore, this conposition
for formng an organic filmis also useful as a
photoresi st material, and has excellent filmfl atness
after coating, and is a resist material with |ess
defects not only after coating but also after
devel opnent, and it is possible to provide a patterning

process using this. The above-nentioned conmposition is
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useful as a material for formng a filmwth a |ess
environnental | oad because it is possible to provide a
material for formng a filmthat does not fall under the
cat egory of PFAS.

[ 0066]

The polymer is preferably a polymer (a) having a
repeating unit “a” having an aromatic group having a
pent af | uorosul fanyl group as a substituent. The
substituent is preferably —SFs or -OSFs substituted
directly on an aromatic ring.

[ 0067]

The repeating unit “a” of the polynmer is preferably
represented by any one of the followng fornulae (al) to
(a4).

[ 0068]

The repeating unit (al) represented by the general

formula (al) is shown bel ow

R4

X
>I(12 ‘6@_&3 ~SFs)p

(Ro)ry g

(a 1)

In the above fornmula, “p” represents an integer of
1to 3; “n” represents an integer of 0 to 5; “ni
represents an integer of O to 4; Ry represents a hydrogen
atom or a methyl group; R represents a hydrocarbyl group
having 1 to 6 carbon atonms, a hydrocar byl oxy group
having 1 to 12 carbon atons, a hydrocarbyl oxycarbonyl
group having 2 to 6 carbon atons, a
hydr ocar byl car bonyl oxy group having 2 to 12 carbon



27

atoms, a hydroxy group, a carboxy group, a hal ogen atom
a trifluoromethoxy group, a cyano group, or a nitro
group; Xi represents a single bond, an ester bond, an

et her bond, a sulfonic acid ester group, a sulfonam de
group, an am de bond, or a phenyl ene group; Xz represents
a single bond or a hydrocarbyl ene group having 1 to 20
carbon atons when “p” represents 1, and X; represents a
(p+1)-val ent hydrocarbon group having 1 to 20 carbon

p
group and the (p+1l)-val ent hydrocarbon group may contain

at onms when represents 2 or 3, and the hydrocarbyl ene
at | east one atom selected fromthe group consisting of
an oxygen atom a sulfur atom a nitrogen atom and a
hal ogen atom Xz represents a single bond or an ether
bond; and Ari: each independently represents an (mtn+1) -
val ent group derived from benzene or napht hal ene,

provi ded that at |east one of “n”s in the fornula
represents 1 or nore.

[ 0069]

I n the above general forrmula (al), “n

represents
an integer fromO to 5, n=1 or 2 preferably fromthe
viewpoint of filmformability, and n=1 preferably from
the viewpoint of a readily available raw materi al.
Further, “p” is an integer of 1 to 3, and p=1 or 2
preferably fromthe viewpoint of ease of production.
“m is an integer fromO to 4, and n=0 preferably from
t he viewpoint of versatility of a raw material, that is,
t he substituent on the aromatic group is preferably a
hydr ogen.
[ 0070]

In the above general formula (al), Ry is a hydrogen
atomor a nethyl group. R is a hydrocarbyl group having
1 to 6 carbon atons, a hydrocarbyl oxy group having 1 to

12 carbon atonms, a hydrocarbyl oxycarbonyl group having 2
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to 6 carbon atons, a hydrocarbyl carbonyl oxy group having
2 to 12 carbon atons, a hydroxy group, a carboxy group ,
a hal ogen atom a trifluoronethoxy group, a cyano group,
or a nitro group.
[ 0071]

In the above general forrmula (al), Xi is a single
bond, an ester bond, an ether bond, an am de bond, or a
phenyl ene group; X> represents a single bond or a
hydr ocar byl ene group having 1 to 20 carbon atons when

p” is 1, X> represents a (p+l)-val ent hydrocarbon group

Y
t hese hydrocar byl ene group and (p+1l)-val ent hydrocarbon

having 1 to 20 carbon atonms when is 2 or 3, and
group may include at |east one selected fromthe group
consi sting of an oxygen atom a sulfur atom a nitrogen
atom and a hal ogen atonm and Xs is a single bond or an
et her bond.

[0072]

The hydrocar byl ene group represented by X nmay be
saturated or unsaturated, and nay be |inear, branched,
or cyclic. The specific exanples include: al kanediyl
groups having 1 to 20 carbon atoms, such as a
met hanedi yl group, an ethane-1,1-diyl group, an ethane-
1,2-diyl group, a propane-1,3-diyl group, a butane-1, 4-
di yl group, a pentane-1,5-diyl group, a hexane-1, 6-diyl
group, a heptane-1,7-diyl group, an octane-1, 8-diyl
group, a nonane-1,9-diyl group, a decane-1, 10-diyl
group, an undecane-1,11-diyl group, and a dodecane-1, 12-
di yl group; cyclic saturated hydrocarbyl ene groups
having 3 to 20 carbon atonms, such as a cycl opentanedi yl
group, a cycl ohexanediyl group, a norbornanediyl group,
and an adanmant anedi yl group; unsaturated aliphatic
hydr ocar byl ene group having 2 to 20 carbon atons, such

as a vinylene group and a propene-1, 3-diyl group;
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aryl ene groups having 6 to 20 carbon atons, such as a
phenyl ene group and a napht hyl ene group; and groups
obt ai ned by conbining these. Further, the (p+1)-val ent
hydr ocar bon groups having 1 to 20 carbon atons
represented by X may be saturated or unsaturated, and
may be |inear, branched, or cyclic. Specific exanples
t hereof include groups obtained by further renoving one
or two hydrogen atons fromthe above-nenti oned
hydr ocar byl ene group, and a group obtai ned by
substituting one or two hydrogen atons of the above-
menti oned hydrocar byl ene group with a hydrocar byl ene
group.
[ 0073]

It is preferable that at | east one of Xi and Xy is
not a single bond.
[ 0074]

The repeating unit (a2) represented by the general

formula (a2) is shown bel ow.

(R3)|

J RSZ

("X3-SFs )n

(R2)m
(@2)

I n the above general formula, “n” and “m represent
t he same as defined above, “I” represents an integer of
0O to 3, and at |east one of the two “n”s and the two
“1”s in the fornmula represents 1 or nore; R and Xz
represent the same as defined above; R3: represents the

follow ng general fornmula (a2-1); Ar2 each independently
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represents an (n+mtl +2)-val ent aronmati c hydrocarbon
group having 6 to 30 carbon atons; and Arsz represents an
(n+mtl +1) - val ent group derived from benzene or
napht hal ene.

[ 0075]

I n the above general formula (a2), “n” is an
integer of 0 to 5, “nf is an integer of 0 to 4, “I” is
an integer of 0 to 3, and at | east one of the two “n”s
and the two “I”s in the fornula is 1 or nore; R and X3
represent the sanme as defined above; R: is represented by
the follow ng general formula (a2-1); Ar, is each
I ndependently an (n+mtl +2)-val ent aromati c hydrocarbon
group having 6 to 30 carbon atons. The (n+m#l +2)-val ent
aromati ¢ hydrocarbon group having 6 to 30 carbon atons
is preferably derived from benzene, napht hal ene,
ant hracene, phenant hrene, pyrene, fluorene, biphenyl,
di phenyl net hane, trisphenyl, fluorene bisphenol,
fluorene bisnaphthol, or the |like, my have a
substituted or unsubstituted hydroxy group and a
saturated hydrocarbyl group having 1 to 12 carbon atons,
and these may be bonded to benzene or naphthal ene havi ng
a substituted or unsubstituted hydroxy group; and Ars is
an (n+mtl +1) -val ent group derived from benzene or
napht hal ene.
[ 0076]

Rs is represented by the followi ng fornula(a2-1).

R3 = ——X3—X4{E§;}—{Xg——SF5L1

In the above general fornula, Xz and “n” represent

(@2-1)

t he same as above; Xs represents a single bond or a
hydr ocar byl ene group having 1 to 12 carbon atons, and

t he hydrocarbyl ene group may have at | east one sel ected
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fromthe group consisting of a hydroxy group, a
saturated hydrocarbyl oxy group having 1 to 6 carbon
atoms, an ether bond, an ester bond, and an am de bond;
and Ar4 represents an (n+l)-valent group derived from
benzene or napht hal ene.
[0077]

The repeating unit (a3) represented by the fornul a
(a3) is shown bel ow.

(R3) |
(

X3~SFs ),

R4
(R2)m
(@3)
In the above fornmula, “n”, “n, “I”, Ar2, R, R,

and Xz represent the sane as defined above; Rs represents
a hydrogen atom or a hydrocarbyl group having 1 to 10
carbon atonms, and the hydrocarbyl group may have an
oxygen atom but does not have a substituent having SFs;
and at | east one of “n” and “1” in the fornula
represents 1 or nore.
[ 0078]

The repeating unit (a4) represented by the formul a
(a4) is shown bel ow.

Aok

(@4)

In the fornula, Rs and Rs represent the sane as
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defi ned above.
[ 0079]

The nunmber of substituents on the aromatic ring
having SFs in the above repeating units (al) to (a4) is
nore preferably n=1 fromthe viewpoint of film
formability control and a readily avail able raw
mat eri al .

[ 0080]

The polymer is preferably a polynmer having at |east
one selected fromthe repeating unit (al) (hereinafter
also referred to as polyner (al)).

[ 0081]

Mononmers that provide a repeating unit (al),
provi ding a polynmer having an aromatic group having a
pent af | uorosul fanyl group as a substituent, include
t hose shown bel ow but are not limted thereto.
Incidentally, Riin the followi ng fornulae represents the
same as defined above.



33

[ 0082]
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[ 0098]

The polymer (al) preferably includes further a
repeating unit (bl) having a hydrophilic group. By
i ncluding the repeating unit (al) having a highly water-
repellent fluorine atom and the repeating unit (bl)
havi ng a hydrophilic group, the effect of inproving
filmformability can be sufficiently inparted.

[ 0099]

The repeating unit (bl) has a hydrophilic group
selected fromthe group consisting of an ether bond, an
ester bond, a hydroxy group, a carboxy group, a
sul f onam de bond, a sulfonimde bond, a sulfo group, a
| actone ring, a sultone ring, a carbonate bond, a
ur et hane bond, and an am de bond.

[ 0100]

Specific exanpl es of the nononmer providing the

repeating unit (bl) include those shown bel ow, but are

not limted thereto.
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[0113]

The polymer (al) preferably includes further a
repeating unit (cl) having a fluorinated aromatic group,
a repeating unit (c2) having a trifluoronmethoxy group, a
di fl uor onet hoxy group, a trifluoromethylthio group, or a
di fl uoronethylthio group. By having the repeating unit
(al) with a highly water-repellent fluorine atom and the
hi ghly water-repellent repeating units (cl) and/or (c2),
it is possible to enhance water-repell ency and al kal
solubility further.

[0114]

Specific exanples of the nonomer providing the
repeating unit (cl) include those shown bel ow, but are
not limted thereto.

[0115]
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[0132]

In the fornula, Ry is a hydrogen atom or a net hyl
group.
[0133]

Mononmers that provide the repeating unit c2 and
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have the trifluoronmethoxy group, the difl uoronethoxy
group, the trifluoronmethylthio group, or the

di fl uoronet hyl thi o group include those shown bel ow, but
are not |limted thereto.

[ 0134]

Ry




74




75

[0136]

X
07 "NH 07 NH 07 NH 07 HH 07 hH

OCF,

OCF, OCF, OCF,

[0137]

T

om0

LT

Ra

\

R3

\

‘j:R? j:ﬁ'i
o7

00 OCF,

OCF;4

T QL W0



[0138]

[0139]

OCHF,

OCF,

OCHF,

76

SCFy



77

[ 0140]
ER’i jR’i
o“ o oo
e e
o o
F
OCF, OCF,
0" 0 0" 0
LW:Oxfﬁ kjiowfm
o )
@ g
OCE, OCE,
[ 0141]

OCHF,

o
e '-
FOos
OCF,
bl
0" 0
LT:QMFQ
o
F F
OCE,



78

[0142]

OCF,



79

[ 0143]

OCE;

OCF,




80

[ 0144]




[ 0145]

OCF,

0
=
OH  oer,
be
0”0
H\ .
5.
!
OCF,

[0146]

Ao
N

81

OCF;

OCE,



[ 0148]

Ry
T

‘ OCF,

*

o

OCF;

OCF;

OCF,



83

ER‘E jR‘E j:R’Z jR’Z

o7 070 (SR (Ol

2 ol e
EHCO OCHE,  E.HCO EHCO

[ 0150]

X
ar o

OCHF,




84

[ 0151]
8] MH O WH
2)
2 NOCHE,
OCHF,
[ 0152]

by
k?s o

R
Ci]
O@ OC HF2
© o0
R@

H

070 OCHR, 070
b ‘\@,GCH&




85

[ 0153]

[ 0154]

Em j:R1
(o} 0

OCHF,

OCHF,




86

[ 0155]
iﬁ’l ER”! jﬁq
0% 0 0% o oo
HN._O
¥
o
OCHF,
X
o% o
.
iIMN O
H o ocHE,

OOHFE, OTHF,



87

[0157]
OCHF 2 OCHF,
Ry Ry
Ee\ o
3

\ o
e
0 OCHE,

iy

OQCHF,

QCHF,

QCHF,




[ 0159]

X
o

OCF3

OCF;

be
0% “OCHF,

bl
070

OCHF,

OCHF,

OCHF,

88




89

[ 0160]
=3 i R Ri
caj‘o1 ; 0 fj\f; Oji@
3 p
QCF; CCHF, (8]

OCEs OCHF,

R+ «j:i% ji‘?fa jgﬁ
ji oo O o ?1
[e R o

1 I8 ° Civocsg L OCHE;

0“0 oF 0 oF o amo

0.0

o]
OMGCHFZ

@
O~ OCF;
0‘\/"“‘0(::’-‘3 QCHF; o




[0161]

OCF,

OCF,

F4CO

90

R
jﬁé OCF, j‘ OCF;
o0 om o
N C N
0}(@01 OYE“O
LANGR
© OCF, OCF;
R
jR‘ OCHE, j ! OCHF,
0" H o*0
e e
%/pw\ NG
SN
© CCHF, OCHF,

F3C0



91

[ 0162]
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[ 0164]
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[ 0166]
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[0173]
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[0176]
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[0178]

© T

[0179]
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BOHF

b
3

In the formula, Ry is a hydrogen atom or a net hyl
group.
[ 0180]

The polymer (al) can also be further copolynerized
with repeating units X (repeating units “x1” and “x27)
used in polyners for resists shown below. The repeating
unit X will be shown in detail in the description
concerning resists.



100

[0181]

In the polynmer (al), the content ratios of
repeating units (al), (bl), (cl), and (c2) are
preferably 0<al<l1.0, 0<bl<1.0, 0<cl<1.0, 0%£c2<1.0, more
preferably 0.1<al<0. 9 and 0.1<b1<£0.9, 0.15£c1<0.9,
0.1£¢c2£0.9, and further preferably 0.2<al<0.8,
0.25b1<0.8, 0.25cl1<0.8, and 0.25¢c2<£0.8. However, they
satisfy al+bl+cl+c2=1.0.

[0182]

The polymer (al) has preferably a wei ght-average
nol ecul ar wei ght (Mwv) of 1,000 to 500, 000, nore
preferably 2,000 to 30,000, in ternms of polystyrene when
determ ned by gel perneation chromatography (GPC) using
THF as an eluent. Furthernore, if the nol ecul ar wei ght
di stribution (Mwv M) of the polynmer (al) is w de, the
presence of polymers with | ow nol ecul ar wei ght or high
nol ecul ar wei ght may pose a risk where a foreign matter
may be observed on a pattern after exposure to light or
where the shape of the pattern nay deteriorate. As
pattern rul es becone finer, the influence of Mw and
Mv Mh tends to increase. Therefore, in order to obtain
a resist material that can be used suitably in the case
of fine pattern di nensions, Md Mh of the polymer (al)
shoul d have narrow di spersion preferably in a range of
1.0 to 4.0, particularly preferably 1.0 to 3.0. There
is a concern that the surface-active effect may decrease
due to | ow nol ecul ar wei ght conponents and that the hunp
characteristics may deteriorate by decrease in
solubility due to inclusion of ultra-high nolecular
wei ght substances. Accordingly, the dispersity is
desired to be narrow in such range that these conponents

are not contained in | arge anounts.
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[ 0183]

The polymer (al) may contain two or nore polyners
having different conposition ratios, My, and Mw M.
Furthernmore, polynmers having different repeating units
(al), (bl), (cl), and (c2) may be bl ended.

[ 0184]

The polynmer (al) is produced by polynerizing
nononers that provide a repeating unit selected fromthe
group consisting of the repeating units (al), (bl),
(cl), and (c2) by a nethod, such as radical
pol ymeri zati on, anionic polynerization, or cationic
pol yneri zati on.

[ 0185]

When the polymer (al) contains two or nore types of
repeating units, it may be a random copol ynmer or a bl ock
copol ynmer, but a block copolyner is characterized to be
nore effective as a surfactant. |In particular, it is
preferably a block copol yner having repeating units (al)
and (bl), (cl), and (c2). The bl ock copolyner may be a
di bl ock copol ynmer consisting of two units, a triblock
copol yner consisting of three units, or a tetrabl ock
copol yner consisting of four units.

[ 0186]

When perform ng random copol ynmeri zation by the
radi cal pol ynerization, a conmon nethod is to m X
nononers to be copol ynerized and a radical initiator
and then polynerize them by heating. Wen the first
nonomer i s polymerized in the presence of a radical
initiator and the second nmonomer is added | ater, one
side of the polynmer nolecule has a polynmerized bl ock of
the first nmononer, and the other side has a bl ock
pol ynerized with the second nmononmer. However, in this

case, repeating units derived fromthe first nonomer and
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t he second nononer are m xed in the intermediate portion
of the polynmer nolecule, and its formis different from
that of a block copolynmer. To forma bl ock copol ymer by
t he radi cal polynerization, |iving radical
pol ymeri zation is preferably used. In the living
radi cal pol ynerization nethod call ed
“Reversi bl e Addition Fragnentation chain Transfer (RAFT)
pol ynmeri zation”, the radical at the polynmer end is
always living, so that it is possible to forma bl ock
copol ymer having both the first repeating unit and the
second repeating unit by initiating the polynmerization
with the first nononmer and addi ng the second nononer
when the first nonomer is consunmed. A tri-Dblock
copolymer can be formed by: initiating the
pol ynmeri zation with the first nononer; adding the second
nmonomer when the first nonomer is consunmed; and then
adding a third nmononmer. When the RAFT pol ynerization is
performed, a polynmer having narrow di spersion is forned.
[0187]

Exanpl es of organic solvents used during
pol ynmeri zati on include toluene, benzene, tetrahydrofuran
(THF), diethyl ether, and di oxane. Exanples of the
pol yneri zation initiator include 2,2'-
azobi si sobutyronitrile (AIBN), 2,2'-azobis(2,4-
di net hyl val eronitrile), dinmethyl 2,2-azobis(2-
nmet hyl propi onate), benzoyl peroxide, and | auroyl
peroxi de. The tenperature during polynerization is
preferably 50 to 80°C. The reaction time is preferably
2 to 100 hours, nore preferably 5 to 20 hours.
[ 0188]

For carrying out the RAFT polynerization, a chain
transfer agent is necessary. Specific exanples thereof

i ncl ude 2-cyano-2-propyl benzot hi oate, 4-cyano- 4-



103

phenyl car bonot hi oyl t hi opent anoi ¢ aci d, 2-cyano- 2-propyl
dodecyl trithiocarbonate, 4-cyano-4-

[ (dodecyl sul fanyl t hi ocarbonyl ) sul fanyl ] pentanoi c aci d,

2- (dodecyl t hi ocar bonot hi oyl t hi 0) - 2- net hyl propanoi ¢ aci d,
cyanonet hyl dodecyl thiocarbonate, cyanonethyl N-nmethyl -
N- (phenyl ) car banot hi oat e, bi s(thi obenzoyl)di sul fide, and
bi s(dodecyl sul fanyl t hi ocar bonyl ) di sul fi de. Anmong these,
2-cyano- 2- propyl benzot hi oate is nost preferable.

[0189]

When the RAFT pol ynmerization is perfornmed by adding
nononers all at once, a polynmer with narrow di spersion
can be synthesized.

[ 0190]

When t he pol ymer has at |east one repeating unit
selected fromthe group consisting of repeating units
(a2) and (a3), the polyner is a so-called “novol ac
resin” (hereinafter also referred to as polynmer (a2-
a3)). The polyner (a2-a3) can be obtained by a
pol ycondensati on reacti on between a phenol conpound and
an al dehyde conpound. Incidentally, at |east one of the
phenol conpound and the al dehyde conpound has a
pent af | uorosul fanyl group as a substituent on an
aromatic ring.

[0191]

The phenol conpound is a conmpound havi ng a hydroxy
group bonded to an aromatic ring. Exanples thereof
i ncl ude phenol, cresol, naphthol, dihydroxynaphthal ene,
9, 9- bi s(4- hydr oxyphenyl ) fl uorene, 9, 9-bi s(6-
hydr oxynapht hyl ) fl uorene, 1,1,1-tris(4-
hydr oxyphenyl ) et hane, 1, 1-bi s(4-hydroxyphenyl)-1-
phenyl et hane, bi s(4-hydroxyphenyl)cycl ohexane, 2, 2-
bi s(4- hydr oxyphenyl ) adamant ane, 4,4',4"'" -
tri hydroxytriphenyl met hane, and 9- hydr oxy-9-
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phenyl f | uor ene.
[0192]

Exanpl es of the al dehyde conpound i ncl ude
formal dehyde, trioxane, parafornal dehyde, benzal dehyde,
acetaldehyde, propylaldehyde, phenylacetaldehyde, o-
phenylpropylaldehyde, PB-phenylpropylaldehyde, o-
hydr oxybenzal dehyde, m hydroxybenzal dehyde, p-
hydr oxybenzal dehyde, o-chl orobenzal dehyde, m
chl orobenzal dehyde, p-chl orobenzal dehyde, o-
ni trobenzal dehyde, mnitrobenzal dehyde, p-
ni trobenzal dehyde, o-nmethyl benzal dehyde, m
nmet hyl benzal dehyde, p-nethyl benzal dehyde, p-
et hyl benzal dehyde, p-n-butyl benzal dehyde, and furfural.
Anmong these, formal dehyde can be particularly preferably
used. One kind of these al dehyde conpounds may be used
or two or nore kinds thereof may be used in conbination.
[0193]

At | east one of the above phenol conpounds and the
above al dehyde conpounds has a pentafl uorosul fanyl group
as a substituent on an aromatic conpound. Exanpl es of
conmpounds havi ng these groups include the foll ow ng.

[ 0194]
Exanpl es of al dehyde conpounds having a

pent af | uor osul fanyl group include the foll ow ng.
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OSFs

[ 0196]
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conpounds havi ng a
group include the follow ng.

Exanpl es of phenol

pent af | uor osul f anyl

[0197]
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[ 0198]
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[0199]

One kind of the phenol conpound may be used or two
or nore kinds thereof may be used in conbi nation. One
ki nd of the al dehyde conpound may be used or two or nore
ki nds thereof may be used in conbination. The anmount of
t he al dehyde conpound used is preferably 0.2 to 5 nol,
nore preferably 0.5 to 2 nol, relative to 1 nol of the
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phenol conpound.
[ 0200]

A catalyst may al so be used in the pol ycondensati on
reacti on between a phenol conpound and an al dehyde
conpound. Exanples of the catalyst include acidic
catal ysts, such as hydrochloric acid, nitric acid,
sulfuric acid, formc acid, oxalic acid, acetic acid,
met hanesul foni ¢ acid, canphorsul fonic acid, tosylic
acid, and trifluoronmethanesul fonic acid. The amount of
t hese acidic catalysts used is preferably 1x10-5 to 5x10-
1 relative to 1 nmol of the phenol conpound.

[ 0201]

As a reaction solvent in the pol ycondensati on,
wat er, met hanol, ethanol, propanol, butanol,

t etrahydrof uran, di oxane, or a ni xed solvent thereof can
be used. It is preferable to use these solvents in an
amount range of 0 to 2000 parts by mass relative to 100
parts by mass of the raw materials. The reaction
tenperature may be appropriately selected dependi ng on
the reactivity of the raw materials, but is usually in a
range of 10 to 200°C.

[ 0202]

The pol ycondensation reaction includes a nmethod in
whi ch the phenol conpound, the al dehyde conpound, and
the catal yst are charged all at once and a nethod in
whi ch the phenol conmpound and the al dehyde conpound are
added dropwi se in the presence of the catalyst. After
t he conpletion of the polycondensation reaction, in
order to renmove unreacted materials, catal ysts, etc.
present in the system the tenperature of the reaction
vessel is raised to 130 to 230°C, and volatile
conponents may be renoved at about 1 to 50 nmHg.
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[ 0203]

Further, the substituents represented by R: in the
pol ymer include the foll ow ng.
[ 0204]
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[ 0206]

As anot her nmethod for introducing the substituent
Rs, there is a nmethod, as follows, in which Rs is
i ntroduced (nodified) after obtaining an internediate
pol ymer from a phenol conpound and an al dehyde conpound
by the nmethod descri bed above. For exanple, in the case
of the repeating unit (a2), it can be synthesized by
condensi ng a conpound (phenol conmpound) represented by a
circled Arz having a phenolic hydroxyl group on an
aromatic ring and a conmpound (al dehyde conpound)
represented by Ars having a phenolic hydroxyl group on an
aromatic ring and then having the phenolic hydroxyl
group esterified or etherified. Simlarly, in the case
of the repeating unit (a3), a polymer (a2-a3) can be
obt ai ned by condensi ng the above phenol conpound and an
al dehyde conpound corresponding to R4, and then nodi fying
t he phenolic hydroxyl group.
[ 0207]

1. In the case of (a2)

(Ho ), (Xe~sFg). CHO (Ho ), (re-srg), (R /;\'\'3 ~SFs )y
r\“'K/ Y polymerization { I \/“_I‘» g a Y medieaton E r(.'l;\,‘)\l_ - ;‘-.}_F
(o) o Capled D ) —— U\
| |  [He-sFg ) Stert ' B J—:_ L Step? (Rar Ay 1Ry )
(Rahn (Rokn © n (Rl (A HOH) N
~ ":“"‘«. - ) ;\-’\'B'SFS }
|:I|€z]|—-| (%s75Fs )n (Raln * "
[ 0208]
2. In the case of (a3)
, HO R9)
(Ho )| (x~sFs), ( 9-\ ' Xs-sFs) . \ ' (Xo-sFs ),
P «J\\/ polymerization s . modification ;o \
I o N T
\T Ra Stepi A 'L / Step2 \ —;4 /
(Ra)m (R (Ra)m
[ 0209]

The al dehyde conponent having a phenolic hydroxyl
group to be used in the above reaction can be

exenplified as follows. Exanples of the al dehyde havi ng
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a substituent represented by Rs include those |listed as

t he al dehyde conpound used to obtain the polynmer (az2-

a3).
[0210]
CHO CHO CHO CHO CHO CHO CHO
¢S|“'\ OH /’,J-\‘». /.l\ Ny OH )\. -
| l/ i\ e \|]N e | -~ - \[ Py =
L T S L-.\‘ J L\ /| ,I: | - |
'OH g 7 OH  HOT S ToH Ho’“ﬁ”“OH
OH OH OH OH
CHO (leO CHO (|3HO CHO CHO
[:'/J\["OH Ho““r;'\ﬂ HO‘“\[)‘J\“‘[[”%:] [éﬁ\xﬂ/\\‘j [.;4L“\_,/":‘1?:\ r;,J\.\ /'-“-“.:;]/OH
*T“ OH ”*T'“OH NN *?/‘\f' N ﬁblLﬁ%
OH OH OH OH
?HD
'_;é\‘i__,/’:};:\.: OHC\[ //,-\,H/Q:tf OHC\_’_/,,;\]/%\] OHC.\_’_;,'-;\ T/T;QT,OH
= o RN “OH T \]—,/; = L
OH
[0211]

Exanpl e of the conpound having a phenolic hydroxyl
group to be used in the above reaction include the
conpounds listed as the phenol conmpound to be used to
obtain the polynmer (a2-a3). More specifically, the
foll ow ng can be exenplifi ed.
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[0212]
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[ 0213]

In the case of etherification in the above
reaction, it can be synthesized by reaction with a
hal i de, mesylate, or tosylate corresponding to Rs.

[ 0214]

Et herification proceeds easily by publically known
met hods. Specifically, it can be obtained by the
reaction with the halide, the nesylate, or the tosylate

corresponding to a partial structure of Rs. The
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esterification is preferably carried out by; using ether
solvents, such as diethyl ether, tetrahydrofuran, and

di oxane, aromatic solvents, such as benzene, tol uene,
and xyl ene, acetonitrile, dimethyl sulfoxide, N,N-

di met hyl f ormam de, N-net hyl pyrroli done, water, or the

li ke, alone or as a m xed solvent; adding the pol yner
obtained in STEP 1, and the halide, the nesylate, or the
tosylate corresponding to a partial structure of Rz and
basi c catal ysts, such as sodi um hydrogen, sodi um
carbonat e, potassium carbonate, cal cium carbonate,

cesi um car bonate, sodi um hydroxi de, potassi um hydroxi de,
sodi um hydri de, potassium phosphate, triethylam ne,
pyridi ne, and N-nmethyl norpholine sequentially or

si mul t aneously; and then optionally cooling down,
heating the m xture, or the like if necessary. The
resulting reaction product can be purified by washing
with water or the |ike and recovered as a powder or a
sol uti on.

[ 0215]

When esterification is perfornmed by the above
reaction, it is possible to synthesize the compound by
reacting with an acid chloride or acid anhydri de
corresponding to Ra.

[ 0216]

The esterification can be easily carried out by a
publicly known met hod, but specifically, it is
preferable to use an acid chloride or an acid anhydri de
corresponding to the partial structure of R:. Wen an
acid chloride is used, the esterification is preferably
carried out, without a solvent or in solvents, such as
met hyl ene chl oride, acetonitrile, toluene, and hexane,
by; adding the polynmer obtained in STEP 1, an acid

chl oride, and a base, such as triethylam ne, pyridine,
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and 4-di net hyl am nopyri di ne sequentially or

si mul t aneously; and then optionally cooling down,
heating the m xture, or the like if necessary. Further,
when an acid anhydride is used, the esterification is
preferably carried out, in a solvent, such as tol uene,
by; addi ng the polymer obtained in STEP 1 and a base,
such as triethylam ne, pyridine, and 4-

di met hyl am nopyri di ne sequentially or sinultaneously;
and then optionally cooling down, heating the m xture,
or the like if necessary. The resulting reaction
product can be purified by washing with water or the

| i ke and recovered as a powder or a solution.

[0217]

When t he above manufacturing nmethod is used, the
nodi fication ratio of the substituent Rz in the repeating
unit of the polynmer can be controlled to an arbitrary
ratio. When the ratio of Rs having the nodified hydroxyl
group in the entire repeating unit is defined as c1 and
the ratio of unnodified hydroxyl groups is defined as
c2, it is preferably 0<cl1<1.0 and 0<£c2<1.0, more
preferably 0.1<c1£0.9 and 0.1<¢c2<0.9, and further
preferably 0.25c1<0.8 and 0.25c2<0.8, but they satisfy
cl+c2=1.0.

[ 0218]

The polymer (a2-a3) has preferably a polystyrene-
equi val ent wei ght - average nol ecul ar wei ght (Mw) of 1000
to 500000, nore preferably 1500 to 30000, according to
gel perneation chromatography (GPC) using THF as a
solvent. Furthernore, when the nol ecul ar wei ght
di stribution (Mv M) of the polymer (a2-a3) is broad,
because of the presence of | ow nol ecul ar-wei ght or high-
nol ecul ar-wei ght polymers, there is a risk to produce a

subl i mate caused by | ow nol ecul ar-wei ght or foreign
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matter during filmformation caused by hi gh-nol ecul ar -
wei ght pol ymer, such as foreign matter on a pattern
after exposure, and a risk to worsen a pattern profile.
In order to ensure high-precision in-plane uniformty
control of the filmand filmformability on a substrate
with a conpl ex shape, the MvW/ Mh of the polyner (a2-a3)
has preferably narrow di spersion of 1.0 to 5.0,
particularly 1.5 to 3.5.

[ 0219]

The polymer (a2-a3) nmay contain two or nore
pol ymers having different conposition ratios, Mw or
Mn/ V.

[ 0220]

When t he polymer has the repeating unit (a4), the
polymer is a ring-opening polymer of an oxetane conpound
(hereinafter, also referred to as polyner (a4)). The
pol ymer (a4) can be obtained by ring-opening
pol ymeri zati on of the oxetane conmpound, and the
substituent represented by Rs of the oxetane conpound has
at | east one pentafl uorosul fanyl group as a substituent
on an aromatic ring.

[ 0221]
Exanpl es of the oxetane conpound i nclude the

following. Rs is the sanme defined as above.
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[ 0222]
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[ 0223]

The polymer having the repeating unit (a4) can be
synt hesi zed by using an oxetane conmpound as a nononer
and subjecting the oxetane conpound to ring-opening
pol ynmeri zati on using a hydroxyl group-containing
conpound as an initiator in the presence or absence of a
catal yst and a sol vent.

[ 0224]

As the initiator, it is possible to use oxetane
conmpounds havi ng an al cohol group, such as 3-ethyl-3-(2-
hydr oxyet hyl ) oxynet hyl oxet ane, 3-ethyl -3-(3-
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hydr oxypropyl ) oxynet hyl oxet ane, 3-ethyl -3-(4-
hydr oxybut yl ) oxynmet hyl oxet ane, 3-ethyl -3-(5-
hydr oxypent yl ) oxynet hyl oxet ane, 3-ethyl -3-(2-
hydr oxyet hyl oxyet hyl ) oxynmet hyl oxet ane, 3-ethyl -3-(2, 3-
di hydr oxypropyl ) oxynet hyl oxet ane, 3-ethyl - 3- hydroxy-
pol y(et hyl eneoxy) net hyl oxet ane, and 3-et hyl - 3- hydr oxy-
pol y(propyl eneoxy) net hyl oxet ane; al cohol conpounds, such
as net hanol, ethanol, propanol and butanol; diol
conpounds, such as ethylene glycol, 1, 4-butanediol, 1, 6-
hexanedi ol , 2, 2-di nethyl -1, 3-propanedi ol , diethyl ene
glycol, triethylene glycol, and tetraethyl ene glycol;
etc. The diol conpounds are preferable fromthe
vi ewpoi nt of nol ecul ar wei ght control. The anount of
these initiator to be used is, for exanple, 0.1 to 100
nol, preferably 0.5 to 100 nol, and particularly
preferably 1 to 100 nol, relative to 100 nol of the
oxet ane conpound. By controlling the nole ratio of the
oxet ane conpound to the initiator, the nol ecul ar wei ght
of the obtained polymer can be controll ed.
[ 0225]

Exanpl es of the catalyst include Lews acid
catal ysts, such as boron trifluoride, phosphorus
pent af | uori de, antinony pentafluoride, zinc chloride,
al um num brom de, and ot her conpl exes. Anmong these, a
preferable catalyst is BF3-THF complex from the viewpoint
of handling a material. The catalyst and initiator are
preferably m xed in a solvent for 5 to 10 m nutes before
addi ng of the nononer, and the catalyst/initiator ratio
is in the range of 1:1 to 1:5 nol/nol, and preferably in
the range of 1:1 to 1:2 nol/nol.
[ 0226]

The ring-opening reaction can be carried out

wi t hout a solvent, but when a solvent is used, there is
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no particular limtation as |long as the solvent is inert
to the catalyst that is used for the reaction and the
oxet ane conpound that is a nononer used in the reaction.
The exanpl es of the solvent include nethylene chloride,
carbon tetrachloride, chloroform trichloroethane,

chl orobenzene, ethyl brom de, dichloroethane, sulfur

di oxi de, hexane, petroleum ether, toluene, dioxane, and
xyl ene. One kind of these solvents may be used or two
or nore kinds thereof may be used in conmbination. It is
preferable to use the solvent(s) in a range of 0 to 2000
parts by mass relative to 100 parts by nmass of the
nmonomer .

[ 0227]

The ring-opening polynerization can be easily
carried out by a publicly known nmethod, but it is
preferable to mx a catalyst and an initiator in a
sol vent before addi ng oxetane conpound(s) being one or
nmore ki nd of nononmers, and then slowly add the nononer
over tinme while controlling heat generation to carry out
the reaction. After the reaction is conpleted, the
reaction i s quenched using water or the |ike, and the
catalyst is renoved by liquid-liquid separation and
washing or the |like, and the polyner can be recovered by
being crystallizing in a poor solvent, or by distilling
unreact ed nmononmers under reduced pressure. The reaction
tenperature at this time is preferably -20°C to 60°C,
nore preferably 0°C to 40°C. The charging ratio of the
nononmer to the catalyst (nmononmer/catalyst) is preferably
within a range of 10:1 to 300:1, nore preferably 50:1 to
100: 1.

[ 0228]
The polymer (a4) preferably has a pol ystyrene-

equi val ent wei ght - average nol ecul ar wei ght (Mw) of 1000
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to 500000, nore preferably 1500 to 30000, according to
gel perneation chromatography (GPC) using THF as an
eluent. Furthernore, when the nol ecul ar wei ght

di stribution (Mv M) of the polymer (a4) is broad, there
is arisk of deteriorated coating perfornmance due to a
subl i mate caused by | ow nol ecul ar - wei ght subst ance,
foreign matter during filmformation caused by high-
nmol ecul ar - wei ght substance, or the like. Because it
makes i nfluence of the Mv and MV VMnh easy to becone

| arger, the Mwv Mh of the polymer (ad4) has preferably
narrow di spersion of 1.0 to 5.0, particularly 1.5 to
3.5, when used as a high-precision filmformng

mat eri al .

[ 0229]

The polymer (a4) may contain two or nore polyners
having different conposition ratios, My, or Mw M.

[ 0230]

A material used in sem conductor photolithography,
i ncluding the polyners (al), (a2-a3), and (a4), nust
have reduced nmetal inpurities. It is because the
presence of nmetal inpurities in a materi al adversely
affects the operation of devices manufactured using the
material. To reduce netal inpurities, washing with pure
wat er or ion exchange resins is enployed. 1In the case
of a resist material, the amount of netal inpurities is
preferably 100 ppm or less, nore preferably 100 ppb or
| ess.

[ 0231]

The inventive conmposition for formng a film
preferably contains 0.0001 to 3 nmass% of the pol yner
(a). The content of the polymer is preferably 0.0001 to
2 mass% nore preferably 0.0002 to 1 mass% In this

event, the polynmer (a) serves as a surfactant for
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inparting filmformability. By using the polyner (a) as
a surfactant in conmbination with an organi c conpound or
the like, it is possible to inpart higher film
formability thanks to the interactive effect between
fluorine atons resulting from SFs i ntroduced into the
repeating unit and the interactive effect between
aromatic rings.

[ 0232]

The conposition for formng a filmcan be used as a
conponent of a photosensitive or non-photosensitive
resist material, a material for formng a topcoat fornmed
on a resist film a material for form ng a resist
underl ayer film etc. As the underlayer filmmaterial,
it is possible to apply to not only an organic
underl ayer filmusing an organic conmpound or resin but
also a material for formng a filmhaving a netal
el ement, such as silicon, titanium zirconium tin, and
haf nium For exanple, the resist material my be either
a chemcally-anplified resist or a non-chem cally-
anplified resist, and may be a hydrocarbon-based resist,
or may be a netal -based resist having silicon, titanium
zirconium hafnium selenium germanium zinc, iron
cobalt, nickel, copper, tin, antinony, nolybdenum
tungsten, indium etc. Exanples other than organic
conpounds or resins include silicon-containing resist
under|l ayer filmmaterials, such as those described in
JP2007-302873A and JP2008-19423A, conpositions for
form ng a coating-type BPSG film such as those
descri bed in JP2016-074774A, titanium containing resist
underl ayer filmmmaterials, such as those described in
JP2014-199429A and JP2014-178602A, and materials for
formng a netal oxide film such as those described in
JP2014-134581A. In addition to these, it is expected to
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be applied to various materials as a surfactant in
formng a film
[ 0233]
[ Mononer ]
Further, the present invention provides a nononer

represented by the follow ng general fornula (a5).

Rx
P
O

|/Lo

La (a 5)

In the fornula, R« represents a hydrogen atomor a
met hyl group; Xa represents a single bond, a phenyl ene
group, a naphthyl ene group, or a linking group having 1
to 12 carbon atons and having an ester bond, an ether
bond, or a lactone ring, and may have an oxygen atom a
nitrogen atom a sulfur atom and/or a hal ogen atont and
La represents an acid-labile group and has an aromatic
group having at | east one pentafluorosul fanyl group as a
substi tuent.

[ 0234]
The inventive nononmer is preferably represented by

the follow ng general formula (a6).
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/\‘:/\|
m(R13) (SFs)n (a6)

In the fornula, Xsand R represent the sanme
defi ned above; Ri1 and Ri2 each independently represent a
| i near, branched, or cyclic alkyl group having 1 to 12
carbon atonms, a linear, branched, or cyclic al kenyl
group having 2 to 12 carbon atons, a |linear, branched,
or cyclic alkynyl group having 2 to 12 carbon atons, or
an aryl group having 5 to 10 carbon atons, each of which
may have an oxygen atom and/or a sulfur atom and Ri1 and
Ri2 may bond to each other to forma ring; Riz each
i ndependent|ly represents a hydrogen atom a hal ogen
atom an al kyl group having 1 to 4 carbon atons, or an
al koxy group; “nm’ represents an integer of 0 to 4; and
“n” represents an integer of 1 to 3.
[ 0235]

Specific exanple of the nonomer represented by the

general formula (a6) include the follow ng.
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[ 0236]

SFs

D
[o o]

X
S

| !
SFs5

Rx

0

SFs

SFs

SF5
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[ 0237]

The above nobnoners can be expected to be used in
various industries as materials for next-generation
envi ronnent - consci ous materials that conply w th PFAS
regul ati ons.

[ 0238]
[ Pol ymer ]

Further, the present invention also provides a
pol ymer having a repeating unit represented by the
foll ow ng general fornula (a7) and having a wei ght-

average nol ecul ar weight in a range of 100 to 500, 000.

La (a 7)

In the fornmula, R« represents a hydrogen atomor a
met hyl group; Xa represents a single bond, a phenyl ene
group, a naphthyl ene group, or a linking group having 1
to 12 carbon atons and having an ester bond, an ether
bond, or a lactone ring, and may have an oxygen atom a
nitrogen atom a sulfur atom and/or a hal ogen atonm La
represents an acid-labile group and has an aromatic
group having at | east one pentafluorosul fanyl group as a
substi tuent.

[ 0239]

It is preferable that the inventive polynmer has a
repeating unit represented by the foll ow ng general
formula (a8) and has a wei ght-average nol ecul ar wei ght
in a range of 100 to 500, 000.
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/\“:/\|

m(R13) (SFS)n (a 8)

In the formula, Xsand R represent the sane
defi ned above; Ri1 and Ri2 each independently represent a
| i near, branched, or cyclic al kyl group having 1 to 12
carbon atonms, a linear, branched, or cyclic al kenyl
group having 2 to 12 carbon atons, a |linear, branched,
or cyclic alkynyl group having 2 to 12 carbon atoms, or
an aryl group having 5 to 10 carbon atons, each of which
may have an oxygen atom and/or a sulfur atom and Ry1 and
Ri2 may bond to each other to forma ring; Riz each
I ndependent|ly represents a hydrogen atom a hal ogen
atom an al kyl group having 1 to 4 carbon atons, or an
al koxy group; “nm’ represents an integer of 0 to 4; and

n” represents an integer of 1 to 3.
[ 0240]
The above polynmers are prom sing candi dates as
pol yners that do not fall under the PFAS regul ations,
and can replace conventional polymers having a fluorine
substituent introduced.
[ 0241]
[ Composition for Form ng Organic Fil n
The conposition for formng an organic film

i ncludes a conponent (A) resin or conmpound for form ng
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an organic film a conmponent (B) polymer (a), and a
conmponent (C) sol vent.
[ 0242]

I n addition, as for the conponent (B) polymer (a),
t he component (A) resin or conpound for form ng an
organic film and the conponent (C) solvent in the
I nventive conposition for formng an organic film one
ki nd thereof may be used or two or nore kinds thereof
may be used in conbination. The polymer (a) in the
present invention functions as a surfactant that
provi des excellent filmformability and high | eveling
performance. |Its applications are not limted to
organi ¢ underl ayer films, but can be expandable to
general coating materials for photolithography.
Exanpl es thereof include a photosensitive resist
material and a material for formng a top coat to be
formed on a resist film Furthernore, it is applicable
not only to material for form ng an organic fil m but
also to silicon-containing resist underlayer film
making it possible to use as a suitable surfactant to
exhibit a highly versatile filmformability that can be
applied to various materials for formng a film
[ 0243]

I n addition, when using the polyner (a) as a
surfactant in the present invention, one kind of them
can be used alone or two or nore kinds thereof can be
used in conbination. The anount of these polyners (a)
to be added is such that the content of the polyner (a)
is 0. 01 to 5 parts by nmass when the conponent (A) resin
or conmpound for formng an organic filmis 100 parts by
Mass.
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[ 0244]
[(A) Resin or Conpound for Form ng Organic Film (Organic
Under | ayer Film]

The conmponent (A) resin or conmpound for form ng an
organic filmused in the inventive conposition for
formng an organic filmis not particularly limted as
|l ong as the resin or conpound has satisfactory film
formability in spin-coating and satisfactory curability.
However, when used as an organi c underlayer film
material, a resin or conpound having an aromatic
skeleton is nore preferable fromthe viewpoi nt of
etching resistance, optical properties, heat resistance,
etc.

[ 0245]

Exanpl es of the aromatic skel eton include benzene,
napht hal ene, ant hracene, pyrene, indene, fluorene,
furan, pyrrole, thiophene, phosphole, pyrazole, oxazole,
I soxazol e, thiazole, pyridine, pyrazine, pyrimdine,
pyri dazi ne, triazine, and carbazole. Anmong these,
benzene, napht hal ene, fluorene, and carbazole are
particularly preferred.

[ 0246]

The conponent (A) resin or conpound for form ng an
organic filmused in the present invention includes a
resin having the follow ng structure described in
JP2012-001687A and JP2012-077295A.
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[ 0247]
O [ O
/./;\ P = A P S
(Fooutl TL‘ oo{%
- e % ~
v Ol J/ o w

In the fornula (1), the ring structures Arl and Ar2
represent a benzene ring or a naphthalene ring; X
represents a single bond or an al kyl ene group having 1
to 20 carbon atons; “m represents 0 or 1; and “n”
represents any natural nunber such that the nolecul ar
wei ght is 100,000 or less. |Incidentally, the synbols in
the fornmula are applied only in this fornmnula.

[ 0248]

OH

T

(2)

In the fornula (2), the ring structures Arl and Ar2
represent a benzene ring or a naphthal ene ring; and “n”
represents any natural nunber such that a pol ystyrene-
equi val ent wei ght - average nol ecul ar wei ght is 100, 000 or
| ess according to gel perneation chromatography (GPC).
I ncidentally, the synmbols in the fornula are applied
only in this formula.
[ 0249]

The conponent (A) resin or conpound for form ng an

organic filmused in the present invention include
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further resins having the follow ng structures descri bed
in JP2004-264710A, JP2005-043471A, JP2005- 250434A, JP
2007- 293294A, and JP2008- 065303A.

[ 0250]

—tCH—CH —— —F CH,—CH ——

Rj)m Rd)m
R! R
RN\
OH OH

(3) @)

In the formulae (3) and (4), R! and R2 represent a
hydrogen atom an al kyl group having 1 to 3 carbon
atoms, or an aryl group, RS represents an al kyl group
having 1 to 3 carbon atons, a vinyl group, an allyl
group, or an optionally substituted aryl group; “n”
represents 0 or 1; and “ni represents 0, 1, or 2.

I ncidentally, the synmbols in the fornulae are applied
only in these fornul ae.
[ 0251]

)

In the fornula (5), Ri: represents a nonoval ent atom

or group other than a hydrogen atont “n” represents an
integer of 0 to 4, and a plurality of Ris may be the sane
or different from each other when “n” represents an
integer of 2 to 4; R: and Rs independently represent a
nonoval ent atom or group; and X represents a dival ent

group. Incidentally, the synmbols in the fornmula are
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applied only in this fornmula.
[ 0252]

\}) | N (6)
R (ORY e
:5p q \Iv}

In the formula (6), R:. represents a hydrogen atom
or a nmethyl group; R represents a single bond, a |inear,
branched, or cyclic al kylene group having 1 to 20 carbon
atons, or an arylene group having 6 to 10 carbon atons,
and may have one of ether, ester, lactone, and am de; R3
and R* are each a hydrogen atomor a glycidyl group; X
represents a polyner of a hydrocarbon having an indene
skel eton, cycloolefin having 3 to 10 carbon atons, or a
mal ei m de, and may contain any one of an ether, an
ester, lactone, and a carboxylic acid anhydride; R> and
Ré are each any one of a hydrogen atom a fluorine atom
a nethyl group, and a trifluoronmethyl group; R’ is any
one of a hydrogen atom a |inear, branched, or cyclic
al kyl group having 1 to 6 carbon atons, a hydroxy group,
and an al koxycarbonyl group; “p” and “q” are each

integers of 1 to 4; “r” is an integer of 0 to 4; and

a”, “b”, and “c” each represent a nunber in a range
satisfying 0.5%a+b+c<l, 0£a<0.8, 0<b<0.8, 0.1<a+b<0.8,
and 0.15c<0.8. TIncidentally, the symbols in the

formul ae are applied only in theses fornmul ae.
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In the formula (7), Ry represents a hydrogen atom
or a nmonoval ent organic group; and R and Rs: each
i ndependent|ly represent a nonoval ent atom or a
nonoval ent organic group. Incidentally, the synbols in
the fornmula are applied only in this fornula.

[ 0254]

Speci fic exanples of the component (A) resin or
conpound for formng an organic filmused in the present
I nvention include resins having the foll owi ng structures
descri bed in JP2004- 205685A, JP2007-171895A, and JP2009-
014816A.

[ 0255]

(8)

In the fornmulae (8) and (9), R! to R8 each
I ndependently represent a hydrogen atom a hydroxyl

group, a substitutable alkyl group having 1 to 6 carbon
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atons, a substitutable al koxy group having 1 to 6 carbon
atoms, a substitutabl e al koxycarboxyl group having 2 to
6 carbon atoms, a substitutable aryl group having 6 to
10 carbon atons, a hydroxyal kyl group having 1 to 6
carbon atonms, an isocyanate group, or a glycidyl group;

and “m' and “n” are positive integers. Incidentally,

the synmbols in the fornulae are applied only in these

f or mul ae.
[ 0256]
& hr Qo
b C
a Z i
- /\<
= ,\ \\|/ Rsp
(OH), g2

In the formula (10), R! and Ré represent a hydrogen
atom or a nethyl group; R, RS and R* represent a
hydrogen atom an al kyl group having 1 to 4 carbon
atonms, an al koxy group, a hydroxy group, an acetoxy
group, an al koxycarbonyl group, or an aryl group having
6 to 10 carbon atons; R° represents a condensed
pol ycyclic hydrocarbon group having 13 to 30 carbon
atons, -OR, -C(=0-0OR, -0C(=0-R’, or -C(=0) -NRe-R;
“m' is an integer of 1 or 2; “n” is an integer of 0 to
4, “p” is an integer of 0 to 6; R” is an organic group
having 7 to 30 carbon atons; R8 is a hydrogen atom or a
hydr ocar bon group having 1 to 6 carbon atons; Z is any

one of a methylene group, -O, -S-, and -NH; and “a
“b”, “c”, “d”, and “e” represent nunbers satisfying
0<a<1.0, 0<pb<0.8, 0=£c<0.8, 0£d<0.8, 0Le<0.8, and
O<b+c+d+e<1.0. Incidentally, the synbols in the

formul ae are applied only in these fornul ae.
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[ 0257]

B g
/ H

( W\&A\/QA & \ (11)
=N

RS R? o—ﬁwﬁ—czzc——a?
i

In the fornmula (11), “n” represents 0 or 1; R!
represents a nethylene group that may be substituted, an
al kyl ene group that may be substituted and has 2 to 20
carbon atons, or an arylene group that may be
substituted and has 6 to 20 carbon atons; R? represents a
hydrogen atom an al kyl group that may be substituted
and has 1 to 20 carbon atons, or an aryl group that may
be substituted and has 6 to 20 carbon atons. R3 to K’
represent a hydroxyl group, an al kyl group that may be
substituted and has 1 to 6 carbon atons, an al koxy group
that may be substituted and has 1 to 6 carbon atons, an
al koxycarbonyl group that nay be substituted and has 2
to 10 carbon atons, an aryl group that may be
substituted and has 6 to 14 carbon atonms, or a glycidyl
et her group that may be substituted and has 2 to 6
carbon atonms. R® represents a hydrogen atom a |inear
branched or cyclic alkyl group having 1 to 10 carbon
atonms, a linear, branched or cyclic al kyl ether group
having 1 to 10 carbon atonms, or an aryl group having 6
to 10 carbon atons. Incidentally, the synmbols in the
formula are applied only in this fornula.

[ 0258]
Exanpl es of those represented by the fornula (11)

i nclude the follow ng resins.
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[ 0259]
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[ 0260]
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[ 0261]

The conponent (A) resin or conpound for form ng an
organic filmused in the present invention include
resins having the follow ng structure described in
JP2007-199653A, JP2008-274250A, and JP2010-122656A.

[ 0262]

RL%};i: ;:;O‘RS
%—!-;f / L'Fz) (12)
R R

R3

In the fornula (12), R! and R2 may be the sanme or
different fromeach other and represent independently a
hydrogen atom a |inear, branched, or cyclic al kyl group
having 1 to 10 carbon atons, an aryl group having 6 to
10 carbon atons, or an al kenyl group having 2 to 10
carbon atons; R3 represents a single bond or an al kyl ene
group having a linear, branched or cyclic structure and
having 1 to 30 carbon atonms, and nmay have a bri dged
cyclic hydrocarbon group, a double bond, a hetero atom
or an aromatic groups having 6 to 30 carbon atons; R* and
R> each i ndependently represent a hydrogen atomor a

gl ycidyl group; and “n” is an integer of 1 to 4.
I ncidentally, the synmbols in the fornula are applied
only in this formnula.

[ 0263]

(13)
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In the fornula (13), R! and RZ2 may be the same or
different fromeach other and represent independently a
hydrogen atom a linear, branched, or cyclic alkyl group
having 1 to 10 carbon atonms, an aryl group having 6 to
10 carbon atons, or an al kenyl group having 2 to 10
carbon atons; R3 represents a single bond or an al kyl ene
group having a linear, branched or cyclic structure and
having 1 to 30 carbon atons, and may have a bri dged
cyclic hydrocarbon group, a double bond, a hetero atom
or an aromatic groups having 6 to 30 carbon atons; R* and
R> each i ndependently represent a hydrogen atom or a
gl ycidyl group; and Ré6 is a single bond or a |inear or
branched al kyl ene group having 1 to 10 carbon atons.

I ncidentally, the synmbols in the fornula are applied
only in this formula.
[ 0264]

(14)

In the fornula (14), ring Z! and ring Z2 are a
condensed polycyclic aromatic hydrocarbon ring; Rla RIb
R2a, and R2b represent the sane or different
substituents; k1l and k2 are the same or different and
represent 0 or an integer of 1 to 4; mlL and nR2 each
represent 0 or an integer of 1 or nore; and nl and n2
each represent 0 or an integer of 1 or nore, and satisfy
nl+n221. Incidentally, the symbols in the formula are

applied only in this fornula.
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(15)

In the fornula (15), R! and RZ may be the same or
different fromeach other and represent a hydrogen atom
a |inear, branched, or cyclic alkyl group having 1 to 10
carbon atons, an aryl group having 6 to 10 carbon atons,
or an al kenyl group having 2 to 10 carbon atonms; R3 and
R4 represent a hydrogen atomor a glycidyl group; R is a
single bond or a linear or branched al kyl ene group
having 1 to 10 carbon atonms; Ré and R’ each represent a
benzene ring or a naphthalene ring; “p” and “q” each
represent 1 or 2; and “n” satisfies 0<n<1.
I ncidentally, the synmbols in the fornula are applied
only in this formula.
[ 0266]

Exanpl es of those represented by the fornula (15)

i nclude the follow ng resins.
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[ 0267]
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[ 0268]
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[0271]

Exanpl es of the conponent (A) resin or conpound for
formng an organic filmused in the present invention
i nclude resins having the followi ng structures described
in JP2012-214720A.
[0272]

(16)
HO [~
In the fornula (16), the ring structures Arl and
Ar2 represent a benzene ring or a naphthal ene ring; and
“x” and “z” each independently represent 0 or 1.
I ncidentally, the synmbols in the fornula are applied
only in this formula.
[0273]
Exanpl es of the conponent (A) resin or conpound for
formng an organic filmused in the present invention
I ncl ude resins described in JP2014-29435A.
[0274]

C

%A (17)

B

In the fornmula (17), A represents a structure
havi ng a carbazole; B represents a structure having an
aromatic ring; C represents a structure having a

hydrogen atom an al kyl group, or an aromatic ring; B
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and C may nutually forma ring; A structure that
conbines the structures A, B, and C has 1 to 4 carboxyl
groups, a salt thereof, or a carboxylic acid ester
group. Incidentally, the synmbols in the fornmula are
applied only in this fornmula.

[ 0275]

I n addition, exanples of the conponent (A) resin or
conmpound for formng an organic filmused in the present
i nvention include the polymer that is described in
W0O2012/ 077640A1 and has a unit structure represented by
the following formula (18) and a unit structure
represented by the following fornmula (19), and has “3 to
97:97 to 3" as a nole ratio of the unit structure
represented by the fornmula (18) and the unit structure

represented by fornula (19).

[0276]
(Rpm |(R2) ?:4
auata

1
Rs (18)

In the formula (18), R: and R» each independently
represent a hydrogen atom a halogen atom a nitro
group, an am no group, a hydroxy group, an al kyl group
having 1 to 10 carbon atoms, an al kenyl group having 2
to 10 carbon atons, an aryl group having 6 to 40 carbon
atonms, or a conbination of these groups which may
contain an ether bond, a ketone bond, or an ester bond;
Rs represents a hydrogen atom an al kyl group having 1 to
10 carbon atons, an al kenyl group having 2 to 10 carbon

atonms, an aryl group having 6 to 40 carbon atons, or a
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conbi nati on of these groups that may contain an ether
bond, a ketone bond, or an ester bond; Rs represents a
hydrogen atom an aryl group that has 6 to 40 carbon
atonms and may be substituted with a hal ogen atom a
nitro group, an am no group, or a hydroxy group, or a
heterocyclic group; Rs represents a hydrogen atom an

al kyl group that has 1 to 10 carbon atons and may be
substituted with a hal ogen atom a nitro group, an an no
group, or a hydroxy group, an aryl group having 6 to 40
carbon atonms, or a heterocyclic group; Rs and Rs nmay form
aring with each other; and nl and n2 each represent an
integer of 1 to 3. Incidentally, the synbols in the
formula are applied only in this formula.

[0277]

(Re)ng
(RT)HTRQ

In the fornula (19), Ar represents an aromatic ring
group having 6 to 20 carbon atons; Rs represents a
hydr oxy group; Ry represents a hydrogen atom a hal ogen
atom a nitro group, an am no group, an al kyl group
having 1 to 10 carbon atoms, an al kenyl group having 2
to 10 carbon atons, an aryl group having 6 to 40 carbon
atoms, or a conbination of these groups that may have an
et her bond, a ketone bond, or an ester bond. Rs
represents a hydrogen atom an aryl group that has 6 to
40 carbon atonms and nmay be substituted with a hal ogen
atom a nitro group, an am no group, or a hydroxy group,
or a heterocyclic group; Ro represents a hydrogen atom

an al kyl group that has 1 to 10 carbon atons and may be
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substituted with a hal ogen atom a nitro group, an ani no
group, or a hydroxy group, an aryl group having 6 to 40
carbon atons, or a heterocyclic group; Rs and Ry may form
aring with each other; n6 represents an integer of 1 to
“p”; and n7 represents an integer of p-n6. Here, “p”
represents the maxi mum nunmber of substituents with which
the aromatic ring group Ar can be substituted.
I ncidentally, the synmbols in the fornula are applied
only in this formula.
[0278]

Exanpl es of the conponent (A) resin or conpound for
formng an organic filmused in the present invention
I nclude polyners that have a unit structure represented
by the follow ng forrmula (20) described in
WO2010/ 147155A1.

[0279]

Ryn1 (Ren2

n\ -~ l\% (20)
( 2 N Z Rs

f
R3

In the fornula (20), Rt and R: each represent a
group selected fromthe group consist of a hydrogen
atom a hal ogen group, a nitro group, an am no group, a
hydr oxy group, an al kyl group having 1 to 10 carbon
atons, an al kenyl group having 2 to 10 carbon atonms, an
aryl group having 6 to 40 carbon atons, and a
conbi nati on thereof, and the al kyl group, the al kenyl
group, and the aryl group may have an ether bond, a
ket one bond, or an ester bond; Rz represent a group
selected fromthe group consist of a hydrogen atom an
al kyl group having 1 to 10 carbon atons, an al kenyl

group having 2 to 10 carbon atons, an aryl group having
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6 to 40 carbon atons, and a conbi nation thereof, and the
al kyl group, the al kenyl group, and the aryl group may
have an et her bond, a ketone bond, or an ester bond;, R4
represents an aryl group that has 6 to 40 carbon atons
and may be substituted with a hal ogen group, a nitro
group, an am no group, or a hydroxy group, or a
het erocyclic group; Rs represents a hydrogen atom an
al kyl group that has 1 to 10 carbon atonms and may be
substituted with a hal ogen group, a nitro group, an
am no group or a hydroxy group, an aryl group having 6
to 40 carbon atons, or a heterocyclic group; Rs and Rs
may forma ring together with the carbon atonms to which
t hey are bonded; and “nl” and “n2” are each integers of
1 to 3. Incidentally, the synbols in the fornmula are
applied only in this fornmula.
[ 0280]

Exanpl es of the conponent (A) resin or conpound for
formng an organic filmused in the present invention
i nclude: novol ac resins obtained by reacting one or nore
ki nds anong phenol sources, such as phenol, cresol,
xyl enol, catechol, resorcinol, hydroquinone, pyrogallol,
hydr oxyqui nol, and phl or ogl uci nol and one or nore Kkinds
anmong al dehyde sources, such as formal dehyde,
par af or mal dehyde, and trioxane using an acidic catalyst;
and resins having a repeating unit structure represented
by the follow ng fornmula (21) described in
W02012/ 176767AL1.
[ 0281]

'6 A\’J/
(21)
B
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In the fornula (21), A represents a hydroxy group-
substituted phenyl ene group derived from
pol yhydr oxybenzene; and B represents a nonoval ent
condensed aromati c hydrocarbon ring group in which 2 to
6 benzene rings are condensed. Incidentally, the
synbols in the fornmula are applied only in this formula.
[ 0282]

Exanpl es of the conponent (A) resin or conpound for
formng an organic filmused in the present invention
i nclude: novol ac resins having a fluorene or
t et rahydrospi robi ndene structure described in JP2005-
128509A, JP2006- 259249A, JP2006- 259482A, JP2006- 293298A,
and JP2007-316282A; and a resin having a repeating unit
structure represented by the following fornula (22-1) or
(22-2).
[ 0283]

(len OR* (RZIJm OR-IR::

g

[ g_Lﬁ i
l = A
kwiéy/ (22—1)

(22—2)

In the fornulae (22-1) and (22-2), R, R?, RS, and
R” i ndependently represent a hydrogen atom a linear,
branched, or cyclic al kyl group having 1 to 10 carbon
atonms, an aryl group having 6 to 10 carbon atons, an
al lyl group, or a halogen atom R3, R4 RS, and R°
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i ndependent|ly represents a hydrogen atom a |inear,
branched, or cyclic al kyl group having 1 to 6 carbon
atons, a linear, branched, or cyclic al kenyl group
having 2 to 6 carbon atons, an aryl group having 6 to 10
carbon atonms, or a glycidyl group; R® and R4
i ndependent|ly represent a hydrogen atom a |inear,
branched, or cyclic al kyl group having 1 to 10 carbon
atoms, or an aryl group having 6 to 10 carbon atons;
“n”, “m, “p”, and “q” represent an integer of 1 to 3;
R0 to R!3 independently represent a hydrogen atom a
hal ogen atom a hydroxy group, a |inear, branched, or
cyclic al kyl group having 1 to 6 carbon atons, or a
| i near, branched, or cyclic al koxy group having 1 to 6
carbon atonms. Incidentally, the synmbols in the fornmula
are applied only in this formnul a.
[ 0284]

Exanpl es of the conponent (A) resin or conpound for
formng an organic filmused in the present invention
i nclude reaction products obtained by a nethod described
in JP2012- 145897A. More specifically, exanples thereof
I ncl ude pol yners obtai ned by condensing one or nore
conmpounds represented by the follow ng general fornula
(23-1) and/or (23-2) with one or nore conpounds
represented by the follow ng general fornula (24-1)

and/ or (24-2) and/or equival ents thereof.
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[ 0285]
R R?
R2 \R"l (23_ 1 )
R RS
)
R5 ) .\‘Rg (23_2)

In the fornulae (23-1) and (23-2), R! to R8 each
I ndependently represent a hydrogen atom a hal ogen atom
a hydroxyl group, an isocyanato group, a glycidyl oxy
group, a carboxyl group, an am no group, an al koxy group
having 1 to 30 carbon atonms, an al koxycarbonyl group
having 1 to 30 carbon atons, an al kanoyl oxy group having
1 to 30 carbon atons, and saturated or unsaturated
organic group that has 1 to 30 carbon atons and may be
substituted. Furthernore, two substituents arbitrarily
selected fromR to R* or R to R in the nolecule my be
bonded to each other to further forma cyclic
substituent. Incidentally, the synbols in the fornula
are applied only in this fornula.
[ 0286]

Q. (OH)yy
"

[ Lewo
"
Qn@ Qn5 (OH )n 3

EﬁiiIi:ié“CFK)
h (24—2)

(OH)ra
In the fornulae (24-1) and (24-2), Q represents an

(24—1)
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organic group that has 1 to 30 carbon atons and may be
substituted, and two Qs selected arbitrarily within the
nol ecul e may be bonded to each other to forma cyclic
substituent; “nl” to “n6” represent the nunbers of
substituents each, “nl” to “n6” are each independently
0O, 1, or 2, and in the fornula (24-1),

hydr oxybenzal dehyde is excluded. Meanwhile, in the
formula (24-2), the relationships 0<n3+n5<3, 0<n4+n6<4,
and 1<n3+n4<4 are satisfied. Incidentally, the symbols
in the fornmula are applied only in this formul a.

[ 0287]

Furt her exanples also include polynmers obtai ned by
condensi ng one or nore conpounds represented by the
above general formula (23-1) and/or (23-2); one or nore
conpounds represented by the above general fornula (24-
1) and/or (24-2) and/or an equival ent thereof; and one
or nmore conpounds represented by the foll owi ng general
formula (25) and/or an equival ent thereof.

[ 0288]

Y—CHO (25)

In the fornmula (25), Y represents a hydrogen atom
or a nonoval ent organic group that has 30 or fewer
carbon atonms and may have a substituent, and thus the
formula (25) is different fromthe general formula (24-
1) and the general formula (24-2). Incidentally, the
synmbols in the fornmula are applied only in this formnul a.
[ 0289]

Furt her exanples of the conmponent (A) resin or
conpound for formng an organic filmused in the present
I nvention include conmpounds having the follow ng
structure disclosed in JP2017-119671A.
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[ 0290]

R_%x)m1 (26—1)

In the fornula (26-1), R represents a single bond
or an organic group having 1 to 50 carbon atons; X
represents a group represented by the foll owi ng general
formul ae (26-2); and “ml” represents an integer that
satisfies 2<ml1<10. Incidentally, the symbols in the

formula are applied only in this formula.

In the fornulae, X2 represents a dival ent organic
group having 1 to 10 carbon atons; “nl” represents 0 or
1; “n2” represents 1 or 2; X3 represents a group
represented by the follow ng general fornula (26-3); and
“n5” represents 0, 1, or 2. Incidentally, the synbols

in the fornula are applied only in this fornul a.

~— OR'0

In the fornmula, R represents a hydrogen atom or a
saturated or unsaturated hydrocarbon group having 1 to

10 carbon atonms, and a hydrogen atom on the benzene ring
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in the formula may be substituted with a methyl group or
a methoxy group. Incidentally, the synbols in the
formula are applied only in this formula.
[ 0291]

Exanpl es of conpounds having the above structure
i nclude the follow ng conmpounds.
[ 0292]




154

[ 0293]

Exanpl es of the conponent (A) resin or conpound for
formng an organic filmused in the present invention
i nclude polyners having a repeating unit represented by
the follow ng general formula (27-1) disclosed in
JP2019- 044022A.

[ 0294]
Y
, _
/ AN o1
/ ERﬁ ;E\RZWR (27—1)
T ~1z, - I /)

In the fornula (27-1), ARl and AR2 each represent a
benzene ring or naphthal ene ring optionally having a
substituent. R! and R? each independently represent a
hydrogen atom or an organic group having 1 to 30 carbon
atoms, and when R! and R? each represent an organic
group, R! and R2 are optionally bonded to each ot her
within a nolecule to forma cyclic organic group. “n”
represents 0 or 1; when n = 0, ARl and AR2 do not forma
bri dged structure between the aromatic rings of ARl and
AR2 via Z, when n = 1, ARl and AR2 forma bridged
structure between the aromatic rings of ARL and AR2 vi a
Z, and Z represents a single bond or one of the
followi ng fornmulae (27-2). Y represents a group
represented by the following formula (27-3). Note that
the definitions of the synmbols in the formula apply only
in this formul a.

o [ OCHj

V; _
—CHa~ CH,-CH;, AN o] S J" / v TN

(27—-2)

~-R3-C=C—R4 (27-3)

In the fornula, RS represents a single bond or a
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di val ent organic group having 1 to 20 carbon atons; R
represents a hydrogen atom or a nonoval ent organi c group
having 1 to 20 carbon atons; and a broken line
represents an attachnment point. Incidentally, the
synbols in the fornmula are applied only in this formula.
[ 0295]

Exanpl es of the polynmers having a repeating unit
represented by the above general formula (27-1) include
t he follow ng polynmers.

[ 0296]

/ ,ﬁ

/N‘\./_“‘H
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(T oy ¢ “\ﬁ/g)]@@/
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[ 0298]

The component (A) resin or conmpound for form ng an
organic filmmay be synthesized by a publicly known
met hod, and a commercially avail able product nay be
used.

[ 0299]

The bl endi ng anount of the conmponent (A) resin or
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conpound for formng an organic filmis not particularly
limted as long as sufficient filmformability can be
achi eved by spin-coating with the conposition for
form ng an organic film but the conmponent (A) resin or
conpound for formng an organic filmis preferably
contained in an ampunt of 10 to 40 parts by mass, nore
preferably 10 to 30 parts by mass, and further
preferably 10 to 25 parts by mass, based on 100 parts by
mass of the conposition for formng an organic film

For exanple, when a hole or trench, having a very high
aspect ratio, of a 3D NAND nmenory architecture is to be
filled with the conposition for formng an organic film
t he contai ned anount of the resin for form ng an organic
filmneeds to be large. However, on the other hand,
such a conposition for formng an organic filmis highly
vi scous, and in-plane uniformty after spin-coating and
filling property are degraded. Even when the conponent
(A) resin for formng an organic filmis contained in
such a proportion, the inventive conposition for form ng
an organic filmmakes it possible to form an organic
film having excellent in-plane uniformty and excell ent
filling property, and can therefore be applied suitably.
[ 0300]

Meanwhi | e, the conponent (B) polyner (a) is
preferably contained in an anount of 0.01 parts by mass
to 5 parts by nass based on 100 parts by mass of the
conponent (A) resin or conpound for form ng an organic
film A conposition for form ng an organic film
contai ning the polynmer in such an anount makes it
possible to forman organic filmwth nore excellent in-
pl ane uniformity.

[ 0301]
The component (C) solvent usable for the inventive
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conposition for formng an organic filmis not
particularly limted as long as the solvent can dissolve
t he conmponent (A) resin or conpound for form ng an
organic filmand the conponent (B) polynmer (a), and the
solvent can preferably also dissolve an acid generator,
a crosslinking agent, a surfactant, etc., which will be
described |l ater. Specifically, it is possible to use a
sol vent having a boiling point |ower than 180°C, such as
t he solvents disclosed in paragraphs [0091] and [0092]

of JP2007-199653A. Anong them preferable solvents are
propyl ene gl ycol nonomethyl ether acetate, propylene

gl ycol nononmet hyl ether, 2-heptanone, cycl opentanone,
cycl ohexanone, and m xtures of two or nore thereof.

[ 0302]

The component (C) solvent is preferably contained
in an amount of 200 to 10,000 parts by nass, nore
preferably 300 to 5,000 parts by mass based on 100 parts
by mass of the conponent (A) resin or conpound for
formng an organic film When the amount is in such a
range, the concentration can be adjusted in accordance
with the desired filmthickness.

[ 0303]

Furthernore, the inventive material for form ng an
organic filmmay also contain a high-boiling-point
sol vent having a boiling point of 180°C or higher as an
organic solvent in addition to the solvent having a
boiling point of |ower than 180°C (a m xture of a
sol vent having a boiling point of |ower than 180°C and a
sol vent having a boiling point of 180°C or higher). The
hi gh- boi | i ng-poi nt organic solvent is not particularly
limted to hydrocarbons, alcohols, ketones, esters,
et hers, or chlorine-based solvents as long as the

solvent is capable of dissolving conpounds for formng
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an organic film Specific exanples include 1-octanol,
2- et hyl hexanol, 1-nonanol, 1-decanol, 1-undecanol,

et hyl ene glycol, 1,2-propylene glycol, 1, 3-butylene
glycol, 2,4-pentanediol, 2-nmethyl-2,4-pentanediol, 2,5-
hexanedi ol , 2, 4- heptanedi ol, 2-ethyl -1, 3-hexanedi ol ,

di et hyl ene glycol, dipropylene glycol, triethylene

gl ycol, tripropylene glycol, glycerin, n-nonyl acetate,
et hyl ene gl ycol nmonohexyl ether, ethylene glycol nono-2-
et hyl hexyl ether, ethylene glycol nonophenyl ether,

et hyl ene gl ycol nonobenzyl ether, diethylene glycol
nonoet hyl et her, diethylene glycol nonoi sopropyl ether,
di et hyl ene glycol nono-n-butyl ether, diethylene glycol
nmonoi sobutyl ether, diethylene glycol nonohexyl ether,
di et hyl ene gl ycol nonophenyl ether, diethylene glycol
nonobenzyl ether, diethylene glycol diethyl ether,

di et hyl ene glycol dibutyl ether, diethylene glycol butyl
met hyl ether, triethylene glycol dinethyl ether,
triethylene glycol nononethyl ether, triethylene glycol-
n-butyl ether, triethylene glycol butyl nethyl ether,
triethylene glycol diacetate, tetraethyl ene glycol

di met hyl ether, dipropylene glycol nononet hyl ether,

di propyl ene gl ycol nono-n-propyl ether, dipropylene

gl ycol nono-n-butyl ether, tripropyl ene glycol dinmethyl
et her, tripropylene glycol nononethyl ether,
tripropylene glycol nono-n-propyl ether, tripropyl ene
gl ycol nono-n-butyl ether, ethylene glycol nonoethyl

et her acetate, ethylene glycol nonobutyl ether acetate,
di et hyl ene gl ycol nononmethyl ether acetate, diethylene
gl ycol nonoethyl ether acetate, diethylene glycol
nonobutyl ether acetate, triacetin, propylene glycol

di acet ate, dipropylene glycol nononethyl ether acetate,
di propyl ene gl ycol nethyl-n-propyl ether, dipropylene

gl ycol nethyl ether acetate, 1,4-butanediol diacetate,
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1, 3-butylene glycol diacetate, 1, 6-hexanediol diacetate,
v-butyrolactone, dihexyl malonate, diethyl succinate,

di propyl succinate, dibutyl succinate, dihexyl

succi nate, dinethyl adipate, diethyl adipate, and

di butyl adipate. One of the solvents may be used or a
m xture of two or nore kinds may be used.

[ 0304]

The boiling point of the high-boiling-point solvent
may be sel ected appropriately in accordance with
tenperature at which the material for form ng an organic
filmis heated, and the boiling point of the high-
boi | i ng- poi nt solvent to be added is preferably 180°C to
300°C, further preferably 200°C to 300°C. When the
boiling point is as described, sufficient therm
flowability can be achieved, since there is no risk of
excessive evaporation rate in baking (heating) due to
the boiling point being too |ow. Moreover, a solvent
havi ng such a boiling point does not remain in the film
wi t hout evaporating even after the baking due to the
boi l i ng point being high. Therefore, there is no risk
of the solvent adversely affecting the physical
properties, such as etching resistance, of the film
[ 0305]

Furthernmore, when the high-boiling-point solvent is
used, the bl ending amount of the high-boiling-point
solvent is preferably 1 to 30 parts by mass relative to
100 parts by mass of the solvent having a boiling point
of |l ower than 180°C. Wth such a bl ending amount, there
is no risk that the solvent is too little to inpart
sufficient thermal flowability during baking or that the
solvent is excessively blended to remain in the film and
| ead to degradation of physical properties, such as

etching resistance, of the film
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[ 0306]

By using the above-described conposition for
formng an organic film the material for form ng an
organic filmis provided with both high filling property
and pl anarizing property by thermal flowability being
i nparted to the conponent (A) resin or conmpound for
formng an organic fil mabove by virtue of the high-
boi | i ng- poi nt sol vent bei ng cont ai ned.

[ 0307]
[ O her Conponent s]

I n addition, the inventive conposition for formng
an organic filmcan contain an acid generator or a
crosslinking agent for further pronmoting the
crosslinking reaction. Acid generators include those
((E) thermal acid generator) generate an acid by thernal
deconposition and those ((D) photo-acid generator)
generate an acid by light irradiation, and any acid
generator can be contained. Specific exanples of the
acid generator include those disclosed in paragraphs
[0061] to [0085] of JP2007-199653A. One kind of the
acid generator may be used, or two or nore kinds thereof
may be used in conbination. Wen the acid generator is
cont ai ned, the contained anount is preferably 0.05 to 50
parts by mass, nore preferably 0.1 to 10 parts by nmss
relative to 100 parts by mass of the conponent (A) resin
or conmpound for formng an organic film \hen the
ampunt is as described, it is possible to promote the
crosslinking reaction and forma dense film
[ 0308]

Specific exanples of the crosslinking agent include
t hose di sclosed in paragraphs [0055] to [0060] of
JP2007-199653A. One kind of the crosslinking agents may

be used, or two or nore kinds thereof may be used in
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conbi nation. The crosslinking agent is preferably
contained in an amount of 1 to 100 parts by nass, nore
preferably 5 to 50 parts by mass relative to 100 parts
by mass of the conponent (A) resin or conpound for
form ng an organic film Wen the anmount is as
described, it is possible to enhance curability and
further suppress interm xing with an upper |ayer film
[ 0309]

Further, the inventive conposition for form ng an
organic filmcan also contain an additional surfactant
ot her than the inventive conmpound (B), in order to
further inprove in-plane uniformty in spin-coating.
Specific exanples of the additional surfactant include
t hose disclosed in paragraphs [0142] to [0147] of
JP2009- 269953A. One kind of the additional surfactants
may be used, or two or nore kinds thereof may be used in
conbi nation. When the additional surfactant is
cont ai ned, the contained amount is preferably 0.01 to 10
parts by mass, nore preferably 0.05 to 5 parts by nmss
relative to 100 parts by mass of the resin or conpound
for formng an organic film \Wen the anount is as
described, it is possible to forman organic film
excellent in in-plane uniformty.

[ 0310]

The inventive conmposition for formng an organic
filmcan further contain a basic conpound for enhancing
storage stability. The basic conpound serves as a
quencher to an acid in order to prevent a very smal
ampunt of acid generated by the acid generator from
pronoting the crosslinking reaction. Specific exanples
of such a basic conmpound i nclude those disclosed in
par agraphs [0086] to [0090] of JP2007-199653A. One kind

of the basic conmpounds nmay be used, or two or nore Kkinds



163

t hereof may be used in conbi nati on. When the basic
conmpound i s contained, the contained amount is
preferably 0.05 to 50 parts by mass, nore preferably 0.1
to 10 parts by nass relative to 100 parts by mass of the
conponent (A) resin or conpound for form ng an organic
film When the anount is as described, it is possible
to inprove the storage stability of the conposition for
formng an organic film

[ 0311]

As descri bed above, the inventive conposition for
formng an organic filmis excellent in hunp suppression
at the tinme of an EBR process. Accordingly, the
i nventive conposition for formng an organic filmis
extremely useful as a resist underlayer film materi al
(material for an organic film for multilayer resist
processes, such as two-|ayer resist processes, three-
| ayer resist processes using a silicon-containing resist
m ddl e |layer filmor a silicon-containing inorganic hard
mask mddle |layer film and four-I|layer resist processes
using a silicon-containing resist mddle layer filmor a
silicon-containing inorganic hard mask m ddl e layer film
and an organic antireflective filmor an adhesive film
[0312]

[ Met hod for Form ng Organic Film

The present invention provides a nmethod for forn ng
an organic filmto be used in a manufacturing process of
a sem conduct or device, the method conprising:

spin-coating a substrate to be processed with the
above-nmentioned i nventive conposition for formng a
film and

formng a cured filmby heating the substrate
coated with the conposition for formng a filmat a
tenperature of 100°C or higher and 600°C or |ower for 10
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to 600 seconds.
[ 0313]

In this method for form ng an organic film
firstly, the above-nmentioned inventive conposition for
formng an organic filmis applied onto a substrate to
be processed by spin-coating. An excellent filling
property can be obtained by using a spin-coating nethod.
After renoving the filmon an edge portion in an EBR
process, baking (heating) is performed in order to
pronote the crosslinking reaction. Incidentally, the
solvent in the conposition can be evaporated by this
baki ng, and therefore, m xing can be prevented even when
a resist upper layer filmor a silicon-containing resist
mddle layer filmis fornmed on the organic film
[ 0314]

The baking is perforned at a tenperature of 100°C
or higher and 600°C or lower for 10 to 600 seconds,
preferably at a tenperature of 200°C or hi gher and 500°C
or lower for 10 to 300 seconds. Considering influence
on device damage and wafer deformation, the upper limt
of the heating tenperature in a wafer process of
i thography is preferably 600°C or | ower, nore
preferably 500°C or |ower. By performng the heat
treat ment under such conditions, the crosslinking
reaction can be pronoted, and it is possible to form an
organic filmthat does not mx with a film forned
t her eon.

[ 0315]
[ Patterni ng Process]

In the follow ng, patterning processes using the
I nventive conposition for formng an organic filmwll

be descri bed.
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[ 0316]
[ Three-Layer Resist Process Using Silicon-Containing
Resi st M ddl e Layer Film

The present invention provides a patterning process
i ncl udi ng:

form ng an organic filmon a body to be processed
by using the conposition for formng a film above;

formng a resist mddle layer filmon the organic
filmby using a silicon-containing resist mddle |ayer
filmmateri al

form ng a resist upper layer filmon the resist
m ddl e | ayer film by using a resist upper layer film
mat eri al containing a photoresist conposition;

forming a circuit pattern in the resist upper |ayer
film

transferring the pattern to the resist mddle |ayer
filmby etching while using the resist upper layer film
having the fornmed circuit pattern as a mask;

transferring the pattern to the organic film by
etching while using the resist mddle layer film having
the transferred pattern as a mask; and

further transferring the pattern in the body to be
processed by etching while using the organic film having
the transferred pattern as a mask.
[ 0317]

The body to be processed is preferably 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 M©More specifically, the body to be processed is
not particularly limted, but my be a substrate made of
Si, a-Si, p-Si, Si02, SIN, SiON, W TiN, A, etc.; the
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substrate coated with the above-described netal filmor
the like as a |ayer to be processed; or the Ilike.
[ 0318]

Exanpl es of the layer to be processed include
various Lowk filnms made of Si, SiQ, SiON, SiN, p-Si, oa-
Si, W WSi, Al, Cu, Al-Si, or the |ike; and stopper
films thereof. Generally, the layer can be fornmed to
have a thickness of 50 to 10,000 nm particularly 100 to
5, 000 nm Incidentally, when the layer to be processed
is fornmed, the substrate and the | ayer to be processed
are formed fromdifferent material s.

[ 0319]

I ncidentally, as the metal constituting the body to
be processed, it is preferable to use silicon, titanium
tungsten, hafnium zirconium chrom um germani um
copper, silver, gold, alum num indium gallium
arsenic, palladium iron, tantalum iridium nolybdenum
or an alloy thereof.

[ 0320]

When form ng an organic filmon the body to be
processed by using the inventive conposition for formng
an organic film the inventive nethod for form ng an
organic filmdescribed above can be adopt ed.

[ 0321]

Subsequently, a resist mddle layer film(silicon-
containing resist mddle layer film is formed on the
organic filmby using silicon-containing resist mddle
|l ayer filmmaterial. As the resist mddle layer film
mat eri al having a silicon atom a polysil oxane-based
mddle layer filmmterial is preferable. By inparting
an antireflective effect to the silicon-containing
resist mddle layer film reflection can be suppressed.

Particularly, for 193-nmlight exposure, when a nmateri al
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havi ng many aromati c groups and havi ng hi gh etching
selectivity relative to the substrate is used as a
conposition for formng an organic film the k-value

i ncreases, and thus the substrate reflection is

i ncreased; in contrast, the reflection can be suppressed
by inparting absorption to the silicon-containing resist
m ddl e | ayer filmso as to have an appropriate k-val ue,
and the substrate reflection can be reduced to 0.5% or

|l ess. As the silicon-containing resist mddle |ayer
filmhaving an antireflective effect, anthracene is
preferably used for exposure at 248 nm and 157 nm and
pol ysi | oxane which has a pendant |i ght-absorbing group
having a phenyl group or a silicon-silicon bond and

whi ch crosslinks with acid or heat is preferably used
for exposure at 193 nm

[ 0322]

Subsequently, a resist upper layer filmis forned
on the silicon-containing resist mddle [ayer film by
using a resist upper layer filmmaterial containing a
phot oresi st conposition. The resist upper layer film
material may be a positive type or a negative type, and
a photoresist conposition that is normally used can be
used. After the spin-coating with the resist upper
| ayer filmmmaterial, pre-baking is preferably perfornmed
at 60 to 180°C for 10 to 300 seconds. Then, I|ight
exposure, post-exposure baking (PEB), and devel opnent
are perfornmed according to a conventional nethod to
obtain a resist upper layer filmpattern. Incidentally,
t he thickness of the resist upper layer filmis not
particularly limted but is preferably 30 to 500 nm
particularly preferably 50 to 400 nm
[ 0323]

Subsequently, a circuit pattern (resist upper |ayer
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filmpattern) is formed in the resist upper layer film
The circuit pattern is preferably formed by a

i thography using |ight having a wavel ength of 10 nm or
nore and 300 nmor less, a direct witing with el ectron
beam nanoi nprinting, or a conmbination thereof.

[ 0324]

Exanpl es of exposure light include high-energy
beans having a wavel ength of 300 nmor |ess, and
specific exanples include deep ultraviolet ray, KrF
exci mer | aser beam (248 nm, ArF excinmer |aser beam (193
nm, F2 |laser beam (157 nm), Kr2 | aser beam (146 nm, Ar:
| aser beam (126 nm), soft X-ray (EUV) at 3 to 20 nm
el ectron beam (EB), ion beam X-ray.

[ 0325]

Furthermore, in formng the circuit pattern, the
circuit pattern is preferably devel oped with an al kaline
devel opnent or an organic sol vent.

[ 0326]

Subsequently, the pattern is transferred to the
silicon-containing resist mddle layer film by etching
whil e using the resist upper layer film having the
formed circuit pattern as a mask. The etching of the
silicon-containing resist mddle |ayer film perforned
whil e using the resist upper layer filmpattern as a
mask is preferably performed by using a fluorocarbon-
based gas. Thus, the silicon-containing resist mddle
| ayer filmpattern is transferred.

[ 0327]

Subsequently, the pattern is transferred to the
organic filmby etching while using the silicon-
containing resist mddle |layer film having the
transferred pattern as a mask. The silicon-containing

resist mddle layer filmexhibits etching resistance to
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oxygen gas or hydrogen gas, and therefore, the etching
of the organic film performed while using the silicon-
containing resist mddle |layer filmpattern as a mask is
preferably perfornmed by using an etching gas mainly
cont ai ni ng oxygen gas or hydrogen gas. Thus, the
organic filmpattern is transferred.

[ 0328]

Subsequently, the pattern is transferred in the
body to be processed by etching while using the organic
filmhaving the pattern transferred as a mask. The
subsequent etching of the body to be processed (layer to
be processed) can be performed by a conventional nethod.
For exanple, a body to be processed nade of Si®, SiN, or
silica-based lowdielectric insulating filmis etched
mainly with a fluorocarbon-based gas; and a body to be
processed made of p-Si, A, or Wis etched mainly with a
chlorine- or brom ne-based gas. Wen a substrate is
processed by etching with a fluorocarbon-based gas, the
silicon-containing resist underlayer filmpattern is
renoved when the substrate is processed. Meanwhile,
when a substrate is processed by etching with a
chl orine- or brom ne-based gas, the silicon-containing
resi st underlayer filmpattern needs to be renoved by
addi tional dry etching with a fluorocarbon-based gas
after the processing of the substrate.

[ 0329]

The organic fil m obtained by using the inventive
conposition for form ng an organic film can be provided
with excellent etching resistance when the body to be

processed is etched as described above.
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[ 0330]
[ Four - Layer Resist Process Using Silicon-Containing
Resi st M ddl e Layer Filmand Organic Antireflective Film
or Adhesive Film

The present invention also provides a patterning
process incl uding:

formng an organic filmon a body to be processed
by using the conposition for formng a film above;

formng a resist mddle layer filmon the organic
filmby using a silicon-containing resist mddle |ayer
filmmateri al

form ng an organic antireflective filmor an
adhesive filmon the resist mddle |ayer film

form ng a resist upper layer filmon the organic
antireflective filmor the adhesive filmby using a
resi st upper layer filmmpmaterial containing a
phot or esi st conposition;

formng a circuit pattern in the resist upper |ayer
film

transferring the pattern to the organic
antireflective filmor the adhesive filmand to the
resist mddle layer filmby etching while using the
resi st upper layer filmhaving the formed circuit
pattern as a mask

transferring the pattern to the organic film by
etching while using the resist mddle layer film having
the transferred pattern as a mask; and

further transferring the pattern to the body to be
processed by etching while using the organic film having
the transferred pattern as a mask.
[ 0331]

This method can be perforned in the same manner as

the three-|layer resist process using the silicon-
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containing resist mddle |layer film above, except that
the organic antireflective film (BARC) or the adhesive
filmis formed between the silicon-containing resist

m ddl e | ayer filmand the resist upper |ayer film

[ 0332]

The organic antireflective filmand the adhesive
filmcan be forned by spin-coating by using a publicly
known organic antireflective filmmateri al.

[ 0333]
[ Three-Layer Resist Process Using |Inorganic Hard Mask
M ddl e Layer Filmn

The present invention also provides a patterning
process incl uding:

form ng an organic filmon a body to be processed
by using the conposition for formng a film above;

form ng an inorganic hard mask selected fromthe
group consisting of a silicon oxide film a silicon
nitride film and a silicon oxynitride filmon the
organic film

form ng a resist upper layer filmon the inorganic
hard mask by using a resist upper |layer filmmterial
cont ai ni ng a photoresist conposition,;

formng a circuit pattern in the resist upper |ayer
film

transferring the pattern to the inorganic hard nask
by etching while using the resist upper layer film
having the fornmed circuit pattern as a mask;

transferring the pattern to the organic film by
etching while using the inorganic hard mask havi ng the
transferred pattern as a nmask; and

further 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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[ 0334]

This method can be perforned in the same manner as
the three-layer resist process using the silicon-
containing resist mddle |layer film above, except that
t he inorganic hard mask m ddle layer filmis forned
i nstead of the silicon-containing resist mddle |ayer
filmon the organic film
[ 0335]

The inorganic hard mask m ddle |ayer film sel ected
fromthe group consisting of a silicon oxide film a
silicon nitride film and a silicon oxynitride film
(SION film can be forned by a CVD net hod, an ALD
met hod, etc. Exanples of nethods for form ng the
silicon nitride filmare disclosed in JP2002-334869A,
WO2004/ 066377A1, etc. The inorganic hard mask m ddl e
| ayer film preferably has a thickness of 5 to 200 nm
nore preferably 10 to 100 nm As the inorganic hard
mask mddle layer film a SIiONfilm which is highly
effective as an antireflective film is the nost
preferably used.

[ 0336]

[ Four - Layer Resist Process Using |Inorganic Hard Mask
M ddl e Layer Filmand Organic Antireflective Film or
Adhesi ve Fil m

The present invention also provides a patterning
process incl uding:

formng an organic filmon a body to be processed
by using the conposition for formng a film above;

form ng an inorganic hard nask selected fromthe
group consisting of a silicon oxide film a silicon
nitride film and a silicon oxynitride filmon the
organic film

form ng an organic antireflective filmor an
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adhesive filmon the inorganic hard mask;

formng a resist upper layer filmon the organic
antireflective filmor the adhesive filmby using a
resi st upper layer filmmterial containing a
phot or esi st conposition;

forming a circuit pattern in the resist upper |ayer
film

transferring the pattern to the organic
antireflective filmor the adhesive filmand to the
i norgani ¢ hard mask by 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 inorganic hard mask havi ng the
transferred pattern as a nmask; and

further transferring the pattern to the body to be
processed by etching while using the organic film having
the transferred pattern as a mask.
[ 0337]

This method can be perforned in the same manner as
t he above-described three-layer resist process using the
i norgani ¢ hard mask m ddle layer film except that the
organic antireflective film (BARC) or the adhesive film
is fornmed between the inorganic hard mask m ddl e | ayer
filmand the resist upper layer film
[ 0338]

Particularly, when a SION filmis used as the
i norgani ¢ hard mask m ddle layer film two
antireflective filnms including the SiON film and the
BARC neke it possible to suppress the reflection even in
l'i qui d-i mrersion exposure at a high NA exceeding 1.0.
Anot her nmerit of formng the BARC is having an effect of

reducing trailing of the resist upper layer filmpattern
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i mmedi ately above the SiON film
[ 0339]

Here, an exanple of the inventive patterning
processes according to a three-layer resist process is
shown in FIG 3 (A to (F). 1In the case of a three-
| ayer resist process, as shown in FIG 3 (A), an organic
film3 is formed by using the inventive conposition for
formng an organic filmon a layer 2 to be processed
formed on a substrate 1; then, a silicon-containing
resist mddle layer film4 is fornmed; and a resist upper
|l ayer film5 is formed thereon. Next, as shown in FIG
3 (B), an exposure portion 6 of the resist upper |ayer
film5 is exposed, and then PEB (post-exposure baking)
is performed. Next, as shown in FIG 3 (C), devel opnent
is performed to forma resist upper layer filmpattern
5a. Next, as shown in FIG 3 (D), the silicon-
containing resist mddle layer film4 is dry-etched by
using a fluorocarbon-based gas while using the resist
upper layer filmpattern 5a as a mask, and thus, a
silicon-containing resist mddle layer filmpattern 4a
is formed. Next, as shown in FIG 3 (E), the resist
upper |ayer filmpattern 5a is renmoved, then, the
organic film3 is etched with oxygen plasm whil e using
the silicon-containing resist mddle |ayer filmpattern
4a as a mask, and thus, an organic filmpattern 3a is
formed. Furthernore, as shown in FIG 3 (F), the
silicon-containing resist mddle layer filmpattern 4a
is removed, then the layer 2 to be processed is etched
whil e using the organic filmpattern 3a as a mask, and
thus, a pattern 2a is formed. |In the patterning process
of this exanple, by hunp being suppressed when the
organic filmis formed, during the dry etching of FIG 1
(D), (E), and (F), it is possible to reduce defects that
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are generated due to hunp of the organic film
[ 0340]

In a case where an inorganic hard mask m ddl e | ayer
filmis formed, the silicon-containing resist mddle
| ayer film 4 may be changed to an inorganic hard mask
m ddle layer film and in a case where a BARC or an
adhesive filmis formed, the BARC or the adhesive film
may be formed between the silicon-containing resist
m ddle |layer film4 and the resist upper layer filmb5.
The etching of the BARC or the adhesive film may be
perfornmed continuously before the etching of the
silicon-containing resist mddle layer film4
alternatively, after the BARC or the adhesive film al one
is etched, the etching apparatus nay be changed and so
forth, and then the etching of the silicon-containing
resist mddle layer film4 my be perforned.

[ 0341]

As descri bed above, the inventive patterning
processes make it possible to forma fine pattern in a
body to be processed with high precision according to a
mul til ayer resist process, and to suppress hunp
formation on an organic film thus reducing defects
derived from hunp of the organic film
[ 0342]

[ Conposition for Form ng Organic Film (Resist Material)]

The inventive conposition for form ng an organic
filmcan be used as a resist material.

[ 0343]

The inventive conposition for form ng an organic
filmmay further contain a conventional surfactant when
the polynmer (a) of the present invention is used as a
surfactant. Exanples of the conventional surfactants
i nclude those described in paragraphs [0165] and [0166]
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of JP2008-111103A. When the inventive conposition for
formng an organic filmcontains the conventiona
surfactant, its content is not particularly limted.

[ 0344]

The inventive conmposition for formng an organic
filmmy further contain a base polymer. The base
polymer is not particularly limted as long as it can be
used for a resist material.

[ 0345]

Specifically, in the case of a positive-type resist
material of a chem cally-anplified resist, the base
pol ymer includes a repeating unit having an acid-|abile
group. The repeating unit having the acid-Ilabile group
is preferably a repeating unit represented by the
following formula (x1) (hereinafter also referred to as
a repeating unit “x1") or a repeating unit represented
by the followng fornmula (x2) (hereinafter also referred
to as a repeating unit “x27).

[ 0346]
RE \%Fi%\
Witﬂgk Y?
PN |
R14_Y3
1 N
R [x&?ﬂR )b
(OR"?),
(x1) (x2)
[ 0347]

In formulae (x1) and (x2), RB each independently
represents a hydrogen atomor a nmethyl group; Y!
represents a single bond, a phenyl ene group, a
napht hyl ene group, or a linking group that has 1 to 12
carbon atoms and contains at |east one selected fromthe

group consisting of an ester bond, an ether bond, and a
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| actone ring; Y2 represents a single bond or an ester
bond; Y3 is a single bond, an ether bond or an ester
bond; R!1 and R!2 each independently represent an acid-
| abil e group, and in addition, when the base pol yner
contains both of the repeating units al and a2, R!! and
R2 may be nutually the same or different from each
other; R3 is a fluorine atom a trifluoronmethyl group,
cyano group, or a saturated hydrocarbyl group having 1
to 6 carbon atons; R! represents a single bond or an
al kanedi yl group having 1 to 6 carbon atons, and a
portion of -CHx- of the al kanediyl group may be
substituted with an ether bond or an ester bond; and “a”
represents 1 or 2, “b” represents an integer of 0 to 4,
and a+b fulfills 1<a+b<5.

[ 0348]

Specific exanpl es of nmononmers providing the
repeating unit “x1” include those shown bel ow but are
not limted thereto. Incidentally, in the follow ng
formul ae, RB and R!! represent the sanme defined as above.
[ 0349]
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[ 0350]

Speci fic exanpl es of nmononmers providing the
repeating unit “x2” include those shown bel ow but are
not limted thereto. Incidentally, in the follow ng
formul ae, RB and R!2 represent the sanme defined as above.
[ 0351]

OR12
0R12
B RB RB RB
A A A A
o] o]
F
F OR" F F F
OR™" F OR™ OR™"
[ 0352]

Exanpl es of the acid-|abile group represented by
Rl and R!2 include those described in JP2013-80033A and
JP2013-83821A.
[ 0353]

Specific exanples of the acid-labile group include
t hose represented by any of the follow ng fornulae (AL-
1) to (AL-3).
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[ 0354]
RL3 RLS
I I |
~+{-CHy}—C—0—R -----(|3—O—R'-2 ----- C—RY
RL4 RLB
(AL-1) (AL-2) (AL-3)

In the fornmul ae, a broken line represents an
attachment point.
[ 0355]

In formulae (AL-1) and (AL-2), R and R:2 are each
i ndependent|ly a hydrocarbyl group having 1 to 40 carbon
atoms, and may contain a heteroatom such as an oxygen
atom a sulfur atom a nitrogen atom and a fluorine
atom The hydrocarbyl group may be saturated or
unsaturated, and nmay be |inear, branched, or cyclic.
The hydrocarbyl group is preferably a saturated
hydr ocar byl group having 1 to 40 carbon atons, nore
preferably a saturated hydrocarbyl group having 1 to 20
carbon atons.
[ 0356]

In formula (AL-1), “c” is an integer of 0 to 10,
preferably an integer of 1 to 5.
[ 0357]

In formula (AL-2), R:3 and R-4 represent each
i ndependently a hydrogen atom or a hydrocarbyl group
having 1 to 20 carbon atons, and may contain a
het eroatom such as an oxygen atom a sulfur atom a
nitrogen atom and a fluorine atom The hydrocar byl
group may be saturated or unsaturated, and may be
| i near, branched, or cyclic. The hydrocarbyl group is
preferably a saturated hydrocarbyl group having 1 to 20
carbon atons. Further, any two of R.2, R3, and R4 may

be bonded to each other to forma ring having 3 to 20
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carbon atons together with the carbon atom or together
with the carbon atom and the oxygen atom each bonded
thereto. As the ring, a ring having 4 to 16 carbon
atonms is preferable, and an alicyclic ring is
particul arly preferable.
[ 0358]

In formula (AL-3), R-3, RS and RL7 are each
I ndependently a hydrocarbyl group having 1 to 20 carbon
atonms, and may contain a heteroatom such as an oxygen
atom a sulfur atom a nitrogen atom or a fluorine
atom The hydrocarbyl group may be saturated or
unsaturated, and may be |inear, branched, or cyclic.
The hydrocarbyl group is preferably a saturated
hydr ocar byl group having 1 to 20 carbon atoms. In
addi tion, any two of R-5, RL6 and R may be bonded to
each other to forma ring having 3 to 20 carbon atons
together with the carbon atonms to which they are bonded.
As the ring, a ring having 4 to 16 carbon atons is
preferable, and an alicyclic ring is particularly
pr ef er abl e.
[ 0359]

The base polymer may include a repeating unit “y”
havi ng a phenolic hydroxy group as an adhesive group.
Speci fic exanples of nononmers providing the repeating

y
thereto. Incidentally, in the following fornmula, RB

unit i nclude those shown bel ow but are not limted

represents the sane as defined above.
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[ 0360]

7N

E RB
OH

OH
|
I

RB
Ko
|
E >
\OH
RB
H | |
I
OH

IR

[0

E 7

X

0
RB
H | O
|

0
|

\|/ 0
OH
RB
| E:
I
|

RB
H E
OH

o}

¢

%’
x

H
[ 0361]

OH
I

-l 5 &

OH



182

[ 0362]
RB RB RB RB
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OH
[ 0363]

The base pol yner may have a repeating unit “c”
havi ng a hydroxy group other than a phenolic hydroxy
group, a lactone ring, a sultone ring, an ether bond, an
ester bond, a sulfonic acid ester bond, a carbonyl
group, a sulfonyl group, a cyano group, or a carboxy
group as anot her adhesive group. Specific exanples of
nonomers providing the repeating unit “c” include those
shown bel ow but are not limted thereto. Incidentally,
in the followng fornmulae, RE is the sane as defi ned
above.
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[ 0364]
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[ 0365]
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[ 0367]
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[ 0372]
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[ 0373]

The base pol yner may have a repeating unit “d”
derived fromindene, benzofuran, benzothi ophene,
acenapht hyl ene, chronmone, counmarin, norbornadi ene or a
derivative thereof. Specific exanples of nononers
provi ding the repeating unit “d” include those shown

bel ow but are not Iimted thereto.
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[ 0374]
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[ 0375]

The base polymer may have a repeating unit

e
derived from styrene, vinylnaphthal ene, vinylanthracene,
vi nyl pyrene, nethyl ene indane, vinylpyridine or
vi nyl car bazol e.
[ 0376]

The base pol yner may have a repeating unit “f”
derived froman onium salt having a polynerizable
unsat urated bond. Specific exanples of the preferable
repeating unit “f” include a repeating unit represented
by the following forrmula (fl1) (hereinafter also referred
to as repeating unit “f1”), a repeating unit represented
by the followng formula (f2) (hereinafter also referred
to as repeating unit “f2”), and a repeating unit
represented by the following fornmula (f3) (hereinafter
also referred to as repeating unit “f3”). One kind of
the repeating units “f1” to “f3” may be used or two or
nore ki nds thereof may be used in conbination.
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[0377]

R® RB RB

L0 SR Y RS
T1 %2 z5 R26
R21—SJ:—R22 ?3 ||223 SO, "R
M Z4__sO; +?—R24 R28
2 R25

(f1) (f2) (f3)

[0378]

In formulae (f1l) to (f3), RB each independently
represents a hydrogen atom or a nethyl group; Z1
represents a single bond, an aliphatic hydrocarbyl ene
group having 1 to 6 carbon atons, a phenyl ene group, a
napht hyl ene group, or a group that is obtained by
conmbi ning these and has 7 to 18 carbon atons, -O Z11-, -
C(=0-0 211 or -C(=0-NH ZzZ11-; Z11 js an aliphatic
hydr ocar byl ene group having 1 to 6 carbon atons, a
phenyl ene group, a naphthylene group, or a group that is
obt ai ned by conbi ning these and has 7 to 18 carbon
atonms, and may contain a carbonyl group, an ester bond,
an et her bond, or a hydroxy group; Z2 is a single bond or
an ester bond; Z3 is a single bond, -23-C(=0-0, -Z31-
O, or -2Z31-0-C(=0-; Z3 is an aliphatic hydrocarbyl ene
group having 1 to 12 carbon atons, a phenyl ene group, or
a group that is obtained by conbining these and has 7 to
18 carbon atons, and nmay contain a carbonyl group, an
ester bond, an ether bond, an iodine atom or a brom ne
atom Z% is a nethylene group, a 2,2,2-trifluoro-1, 1-
et hanedi yl group or a carbonyl group; Z5 is a single
bond, a nethyl ene group, an ethylene group, a phenyl ene
group, a fluorinated phenyl ene group, a phenyl ene group
substituted with a trifluoronethyl group, -0 Z51-, -
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C(=0-025-, or -C(=0 -NH-251-; 751 is an aliphatic
hydr ocar byl ene group having 1 to 6 carbon atons, a
phenyl ene group, a fluorinated phenyl ene group, or a
phenyl ene group substituted with a trifluoromethyl
group, and may contain a carbonyl group, an ester bond,
an ether bond, a hal ogen atom or a hydroxy group.

[ 0379]

In formulae (f1l) to (f3), R to R28 each
i ndependent|ly represent a hal ogen atom or a hydrocar byl
group that has 1 to 20 carbon atonms and nay contain a
hetero atom
[ 0380]

Specific exanples of the hal ogen atom represented
by R22 to R include a fluorine atom a chlorine atom a
brom ne atom and an iodi ne atom
[ 0381]

The hydrocar byl group represented by Rl to R may
be saturated or unsaturated, and may be |inear,
branched, or cyclic. Specific exanples of the
hydr ocar byl group include: alkyl groups having 1 to 20
carbon atonms, such as a nethyl group, an ethyl group, an
n- propyl group, an isopropyl group, an n-butyl group, an
i sobutyl group, an sec-butyl group, a tert-butyl group,
an n-pentyl group, an n-hexyl group, an n-octyl group,
an n-nonyl group, an n-decyl group, an undecyl group, a
dodecyl group, a tridecyl group, a tetradecyl group, a
pent adecyl group, a heptadecyl group, an octadecyl
group, a nonadecyl group, and an icosyl group; cyclic
saturated hydrocarbyl groups having 3 to 20 carbon
atoms, such as a cyclopropyl group, a cycl opentyl group,
a cycl ohexyl group, a cycl opropyl net hyl group, a 4-
nmet hyl cycl ohexyl group, a cycl ohexyl met hyl group, a

nor bornyl group, and an adamantyl group; al kenyl groups
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having 2 to 20 carbon atonms, such as a vinyl group, a
propenyl group, a butenyl group, and a hexenyl group;

al kynyl groups having 2 to 20 carbon atons, such as an
et hynyl group, a propynyl group, and a butynyl group;
cyclic unsaturated aliphatic hydrocarbyl groups having 3
to 20 carbon atons, such as a cycl ohexenyl group and a
nor bor nenyl group; aryl groups having 6 to 20 carbon
atoms, such as a phenyl group, a nethyl phenyl group, an
et hyl phenyl group, an n-propyl phenyl group, an

i sopropyl phenyl group, an n-butyl phenyl group, an

i sobut yl phenyl group, an sec-butyl phenyl group, a tert-
butyl phenyl group, a naphthyl group, a nethyl napht hyl
group, an et hyl napht hyl group, an n-propyl napht hyl
group, an isopropyl napht hyl group, an n-butyl naphthyl
group, an isobutyl naphthyl group, an sec-butyl napht hyl
group, and a tert-butyl naphthyl group; aral kyl groups
having 7 to 20 carbon atons, such as a benzyl group and
a phenet hyl group; and groups obtained by conbi nation

t her eof .

[ 0382]

I n the hydrocarbyl group, a part or all of the
hydrogen atons may be substituted with a group having a
het eroatom such as an oxygen atom a sulfur atom a
nitrogen atom or a halogen atom and a part of the -CH-
may be substituted with a group having a heteroatom
such as an oxygen atom a sulfur atom or a nitrogen
atom The resulting hydrocarbyl group may have a
hydroxy group, a fluorine atom a chlorine atom a
brom ne atom an iodine atom a cyano group, a nitro
group, a carbonyl group, an ether bond, an ester bond, a
sul fonic acid ester bond, a carbonate bond, a |actone
ring, a sultone ring, a carboxylic anhydride (-C(=0-0
C(=0)-), a hal oal kyl group, etc.
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[ 0383]

In addition, R2 and R?4 or R26 and R2’” may be bonded
to each other to forma ring together with a sulfur atom
to which they are bonded. At this time, the ring

preferably has the structure shown bel ow.

[ 0384]
G O Q0 Q O O

Seclisecilises
oo oo oo of

In the fornmulae, a broken line represents an
attachment point.
[ 0385]

In formula (f1), M represents a non-nucleophilic
counter ion. Specific exanples of the non-nucleophilic
counter ions include: halide ions, such as a chloride
ion and a brom de ion; fluoroal kylsulfonate ions, such
as a triflate ion, a 1,1,1-trifl uoroethanesul fonate ion,
and a nonafl uorobut anesul fonate ion; arylsulfonate ions,
such as a tosylate ion, a benzenesul fonate ion, a 4-
fl uorobenzenesul fonate ion, and 1, 2, 3, 4, 5-
pent af | uor obenzenesul fonate ion; al kyl sul fonate i ons,
such as a nesylate ion and a butanesul fonate ion; imde
i ons, such as a bis(trifluoronethylsulfonyl)imde ion, a
bi s(perfluoroethyl sul fonyl)imde ion, and a
bi s(perfl uorobutyl sul fonyl)imde ion; and nethide ions,

such as a tris(trifluoronethylsulfonyl)methide ion and a
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tris(perfluoroethylsul fonyl)nmethide ion.
[ 0386]

Speci fic exanples of the non-nucl eophilic counter
ion further include sulfonic acid ions represented by
the following formula (f1-1) in which the o position is
substituted with a fluorine atom and sulfonic acid ions
represented by the following formula (f1-2) in which the
o position is substituted with a fluorine atom and the
position is substituted with a trifluoronethyl group.

[ 0387]

R¥'—CF,—S0; (f1-1)
R32—o0
>—CF,;—S05 (11-2)
FiC

[ 0388]

In formula (f1-1), R31 is a hydrogen atom or a
hydr ocar byl group having 1 to 20 carbon atons, and the
hydr ocar byl group nmay have at | east one selected from
t he group consisting of an ether bond, an ester bond, a
carbonyl group, a lactone ring, and a fluorine atom
The hydrocarbyl group may be saturated or unsaturated,
and may be linear, branched, or cyclic.
[ 0389]

In formula (f1-2), R32 is a hydrogen atom a
hydr ocar byl group having 1 to 30 carbon atoms, or a
hydr ocar byl carbonyl group having 6 to 20 carbon atons,
and the hydrocarbyl group and the hydrocarbyl carbonyl
group may have an ether bond, an ester bond, a carbonyl
group, or a lactone ring. The hydrocarbyl group and the
hydr ocar byl noiety of the hydrocarbyl carbonyl group may

be saturated or unsaturated, and nay be |inear,
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branched, or cyclic.
[ 0390]

Specific exanples of the cation of the nononer that
provi des the repeating unit f1 include those shown bel ow
but are not limted thereto. In addition, in the
followng formula, RBE is the sane as defined above.

[ 0391]

R ;:[23 °*riLR° ojﬁwf’
ok A

Ly &8
0 00 0 g0 U

S G
: :
+ Q0 Q

Q + >
' oo oU o0 T

X

0”0

Q

a

7
a0

A A
¢ @ @ Q

J0C 0 U OT



198

[ 0392]

Exanpl es of the anion of the nononer that provides
the repeating unit f2 include those shown bel ow but are
not limted thereto. 1In addition, in the follow ng
formula, RB is the same as defined above.

[ 0393]

B RB

DO G S G

CFs |=3c)\'g5°3 0”0 . 0”0 i
2 F;,c)\cfs"-J3 F:,c)\c’303
Fa Fa
0 o 0 o 0o
F2 01‘(@‘“, F2 Fa
|i;| o
0 Cu - 0_Cu - 0. Cu -
Y 503 0 \[, 503 Y 803
O CFs O CFs d O CFy
0 Yo 0 Yo 0 o
Jz;HT c
0. _Cwn- F
Y TS0, o { -
O CF, -
e QC)\C,SOS
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[ 0394]

(oo} (o e 0 "0
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[ 0395]
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[ 0396]
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[ 0397]
RE RE RE RE
CF4 CF,4 | CF4 | CF4
,S0,” ,S05” _S05” _S05”
| 3 I )\C 3 I )\C 3 0)\0 3
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[ 0398]
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[ 0399]
[o o] (e Mo ] [e 2]
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[ 0401]
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[ 0407]

Exanpl es of the anion of the nononer that provides
the repeating unit f3 include those shown bel ow but are
not limted thereto. Incidentally, in the follow ng

formula, RBis the same as defined above.

[ 0408]
RE RB RE RB RE RB RE
F. F F F FsC
F F F F F F FsC
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[ 0409]
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[ 0410]

Specific exanples of the cation of the repeating
unit f2 or f3 include those simlar to the sulfonium
salts described in paragraphs [0063] to [0080] of
JP2023-3926A and the iodonium salts described in
par agraph [0082] of JP2023-3926A.

[ 0411]

The repeating units f1 to f3 have the function as
an acid generator. By binding an acid generator to the
pol ymer main chain, acid diffusion can be reduced and
resol ution can be prevented from deteriorating due to
bl urring caused by acid diffusion. Further, LWR and CDU
are inproved by uniformy dispersing the acid generator.
I ncidentally, when a base polynmer having repeating units
fl1to f3 is used, the addition of an additive acid
generator, which will be described |ater, my be
omtted.

[ 0412]

In the case of a negative-type resist material or a
non-chem cal l y-anplified resist material, the repeating
units “x1” and “x2” are not necessarily required in the
base pol ymer.

[ 0413]

As the base polyner, in addition to the above-
menti oned polynmers, it is possible to use resins, such
as novol ak resin, polyimde, polyam de,
pol yvi nyl pyrrolidone, polyvinyl alcohol, polythiophene,
and pol yanili ne.

[ 0414]
[ Organi c Sol vent]

When the inventive conposition for form ng an
organic filmis used as a resist material, it is

possi ble to contain an organic solvent. The organic
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solvent is not particularly limted as |long as the
organi c solvent is capable of dissolving the conponents
that were described above and will be described | ater
Exanpl es of the organic solvent include those disclosed
i n paragraphs [0144] and [0145] of JP2008-111103A:

ket ones, such as cycl ohexanone, cycl opentanone, nethyl -
2-n-pentyl ketone, and 2-heptanone; alcohols, such as 3-
met hoxybut anol , 3-net hyl - 3- met hoxybut anol , 1-nethoxy- 2-
propanol , 1-ethoxy-2-propanol, and diacetone al cohol;

et hers, such as propyl ene gl ycol nmonomet hyl ether,

et hyl ene gl ycol nmononmet hyl ether, propylene glycol
nmonoet hyl et her, ethylene glycol nonoethyl ether,

propyl ene glycol dinmethyl ether, diethylene glycol

di et hyl ether, and ani sole; esters, such as propyl ene
gl ycol nononet hyl ether acetate, propylene glycol
nonoet hyl ether acetate, ethyl lactate, ethyl pyruvate,
butyl acetate, nethyl 3-nethoxypropionate, ethyl 3-

et hoxypropi onate, tert-butyl acetate, tert-butyl

propi onate, and propyl ene glycol nono-tert-butyl ether
acetate; lactones, such as y-butyrolactone; lactams,
such as pyrrolidone, N-nmethylpyrrolidone, N

et hyl pyrroli done, and N-hydroxyethyl -2-pyrrolidone;

wat er; and di met hyl sul foxide.

[ 0415]

In the inventive resist material, the contained
amount of the organic solvent is preferably 100 to 10000
parts by mass, nore preferably 200 to 8000 parts by nmass
relative to 100 parts by mass of the base polyner. One
ki nd of the organic solvent nmay be used, or two or nore
ki nds thereof may be used in m xture.

[ 0416]
The inventive resist material may contain an

additi ve-type acid generator. Exanples of the additive-
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type acid generator include sulfoniumsalts or iodonium
salts, sul fonium diazonet hane, N-sul fonyl oxi m de, and
oxi me- O-sul fonate described in paragraphs [0122] to
[0142] of JP2008-111103A and paragraphs [0077] to [0148]
of JP2023-62677A. When the inventive resist materi al
contains the additive-type acid generator, its content
is preferably 0.1 to 50 parts by mass, nore preferably 1
to 40 parts by mass, relative to 100 parts by mass of

t he base polymer. One of the additive-type acid
generators may be used or two or nore kinds thereof nmay
be used in conbination.

[ 0417]

The inventive resist material may contain a
quencher. Incidentally, the quencher refers to a
conpound that can trap the acid generated fromthe acid
generator in the resist material, thereby preventing it
fromdiffusing into unexposed areas.

[ 0418]

Exanpl es of the quencher include conventional basic
conpounds, such as primary, secondary, and tertiary
al i phatic am nes, m xed am nes, aromatic am nes,
het erocyclic am nes, nitrogen-containing conpounds
havi ng a carboxy group, nitrogen-containing conpounds
havi ng a sul fonyl group, nitrogen-containing conmpounds
havi ng a hydroxy group, nitrogen-containing conpounds
havi ng a hydroxyphenyl group, alcoholic nitrogen-
cont ai ni ng conpounds, am des, im des, and carbamates.
Especially, preferable conmpounds are primry, secondary,
and tertiary am ne conpounds described in paragraphs
[0146] to [0164] of JP2008-111103A, particularly
pr ef erabl e conpounds are am ne conpounds having a
hydr oxy group, an ether bond, an ester bond, a |lactone

ring, a cyano group, and a sulfonic acid ester bond or
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conpounds havi ng a carbanmate group described in
JP3790649A. By addi ng such a basic conpound, it is
possible to further suppress the acid diffusion rate in
the resist filmor to correct the shape, for exanple.

[ 0419]

Further, exanples of the quencher include onium
salts such as sulfoniumsalts, iodoniumsalts, and
amoni um salts with sulfonic acids and carboxylic acids
whose o-positions are not fluorinated, which are
descri bed in JP2008- 158339A. A sulfonic acid, imde
acid, or methide acid fluorinated at the a-position is
necessary to deprotect acid-labile group of the
carboxylic acid ester, but a sulfonic acid or carboxylic
acid that is not fluorinated at the o-position is
rel eased by salt exchange with an oniumsalt that is not
fluorinated at the a-position. The Sulfonic acids and
carboxylic acids that are not fluorinated at the a-
position do not cause a deprotection reaction and
t herefore function as a quencher.

[ 0420]

Exanpl es of the quencher include polyner-type
quenchers described in JP2008-239918A. This inproves
the rectangularity of the resist pattern by orienting it
on the surface of the resist film The polynmer-type
quenchers al so have the effect of preventing filmloss
of a pattern and rounding of a pattern-top when a top
coat for |iquid-inmersion exposure is applied.

[ 0421]

When the inventive resist material contains the
quencher, its content is preferably 0 to 5 parts by
mass, nore preferably O to 4 parts by nass, relative to
100 parts by mass of the base polyner. One of the

quenchers may be used or two or nore kinds thereof nmay
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be used in conbination.
[ 0422]

The inventive resist material may contain a
crosslinking agent in the case of a negative resist. By
i ncorporating a crosslinking agent, it is possible to
further increase the difference in dissolution rate
bet ween the exposed areas and the unexposed areas, but
there is also a risk of increased swelling in the
devel oper. Specific exanples of the crosslinking agent
i nclude those described in paragraphs [0170] to [0177]
of JP2020-027297A. \When the inventive resist materi al
contains the crosslinking agent, its content is
preferably 0 to 30 parts by mass, nore preferably 0 to
20 parts by mass, relative to 100 parts by mass of the
base pol ymer.

[ 0423]

The resist material using the inventive conposition
for formng an organic filmmy contain a water
repell ency inprover for improving the water repellency
of the resist filmsurface. The water repellency
I nprover can be used in liquid-imersion |ithography
wi t hout using a top coat.

[ 0424]

The water repellency inmprover is preferably a
pol ymer having a fluorinated al kyl group and a pol yner
having a 1,1,1, 3, 3, 3- hexaf |l uor o- 2- propanol residue wth
a specific structure, and is nore preferably those
exenplified in JP2007-297590A, JP2008-111103A, etc. The
wat er repellency inprover needs to be dissolved in an
al kal i ne devel oper or an organic sol vent devel oper. The
wat er repell ency inprover having the aforenentioned
specific 1,1,1, 3, 3, 3-hexafl uoro-2-propanol residue has

good solubility in a devel oper. As a water repellency
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i nprover, a polyner having a repeating unit having an
am no group or an amne salt prevents acid evaporation
duri ng post-exposure bake (PEB) and is highly effective
in preventing opening defects of a hole pattern after
devel opnent .

[ 0425]

When the coating material or resist material for
photol i t hography of the present invention contains the
wat er repellency inprover, its content is preferably O
to 20 parts by nass, nore preferably 0.5 to 10 parts by
mass, relative to 100 parts by mass of the base pol yner.
One kind of the water repellency inmprovers nmay be used
or two or nore kinds thereof may be used in conbination.
[ 0426]

By addi ng the pentafl uorosul fanyl group-containing
resin material of the present invention to the resist
conposition, it is oriented on the resist film surface
during spin coating, and the water repellency of the
resi st surface can be enhanced. This prevents the acid
generated fromthe acid generator during the |iquid-

I mer si on exposure using water from di ssolving into

wat er, which causes a positive-type resist to have a T-
top shape or a negative-type resist to have a rounded
head, and can provide a highly water-repellent surface
t hat does not | eave water droplets on the resist film
even during hi gh-speed scanning of the stage during the
l'i qui d-i mrersion exposure. By introducing an acid-

| eaving unit that inmproves alkali solubility due to an
acid in the inventive resin or a hydrolyzable unit of
whi ch hydrophilicity is inproved by an alkali into the
i nventive resin, it is possible to further inprove the
resol uti on performance of the resist and prevent the

occurrence of blob defects. For application as a water
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repell ency inprover for |iquid-inmersion exposure, the
amount of the resin of the present invention to be added
is 0.1 to 20 parts by nmass, preferably 0.2 to 15 parts
by mass relative to 100 parts by nass of the resin for a
resist. It is possible to use both the inventive resin
having a function as a surfactant and the inventive
resin having a function as a water repellency inprover
for the liquid-inmrersion exposure in conbination.

[ 0427]

The surfactant to be contained when the inventive
conposition for formng an organic filmis used as a
resist material can also be used as the water repellency
I nprover. In this case, in addition to a surfactant
with a high water repellency inproving function, a
surfactant with a high surface-active effect can al so be
used in conbination.

[ 0428]

The inventive resist material may contain acetyl ene
al cohols. Specific exanples of the acetyl ene al cohols
i nclude those described in paragraphs [0179] to [0182]
of JP2008-122932A. When the inventive resist materi al
contains an acetylene alcohol, its content is preferably
O to 5 parts by mass relative to 100 parts by nmass of
t he base polynmer. One kind of the acetyl ene al cohols
may be used or two or nore kinds thereof may be used in
conbi nati on.

[ 0429]
[ Patterni ng Process]

When the inventive resist material is used for
manuf acturing various integrated circuits, publicly
known |ithography techni ques can be applied. For
exanpl e, the patterning process includes a step of

formng a resist filmon a substrate by using the
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i nventive conposition for formng a filmabove, a step
of exposing the resist filmto a high-energy beam and a
step of devel oping the exposed resist filmusing a

devel oper.

[ 0430]

First, the inventive resist material is applied
onto a substrate for manufacturing integrated circuits
(Si, Si®, SIN, SiON, TiN, Wi, BPSG SOG organic
antireflective film etc.) or a substrate for
manuf acturing mask circuit (Cr, CrO CrON, CrN, MSi ,
Si®, Ta, MoSi lamnated film Ru, N, Co, W M, V,
all oys thereof, etc.) by an appropriate applyi ng met hod,
such as spin coating, roll coating, flow coating, dip
coating, spray coating, doctor coating. This is
prebaked on a hot plate, preferably at 60 to 150°C for
10 seconds to 30 m nutes, nore preferably at 80 to 150°C
for 30 seconds to 20 mnutes, to forma resist film
[ 0431]

Before applying the inventive resist material, the
substrate can be treated by irradiating with light, EB,
pl asma, etc., or treated with CVD, ozone,
hexanet hyl di si |l azane (HVDS), etc.

[ 0432]

The thickness of the resist filmis preferably 1 nm
to 200 um, more preferably 2 nm to 100 um.
[ 0433]

A top coat may al so be fornmed on the resist film
The top coat preferably has functions, such as
envi ronnental protection, |ight absorption, antistatic,
reduction of resist pattern defect, and correction of
resi st pattern shape.

[ 0434]

Then, the resist filmis exposed using a high-
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energy beam Specific exanples of the high-energy beam
i nclude ultraviolet ray, deep ultraviolet ray, EB

(el ectron beam, EUV having a wavelength of 3 to 15 nm
X-ray, soft X-ray, excimer laser beam, y-ray,
synchrotron radiation.

[ 0435]

When ultraviolet ray, deep ultraviolet ray, EUV, X-
ray, soft X-ray, excimer laser beam, y-ray, synchrotron
radi ation, or the like is enployed as the high-energy
beam the irradiation is perfornmed directly or using a
mask for form ng a target pattern at an exposure dose of
preferably about 1 to 200 mJ/cn®, nore preferably about
10 to 100 m}/cn®. When EB is enployed as the high-energy
beam the exposure dose is preferably about 0.1 to 1000
puC/cm?2, more preferably about 0.5 to 900 uC/cm?, and the
writing is performed directly or while using a mask for
formng a target pattern.

[ 0436]

| ncidentally, the inventive resist material is
suitable for fine patterning with a g-line, an i-line, a
Kr F excimer |aser beam an ArF excinmer |aser beam an
EB, an EUV, X-ray, soft X-ray, y-ray, or synchrotron
radi ati on anong t he hi gh-energy beans.

[ 0437]

The exposure may be foll owed by post-exposure
baki ng (PEB) on a hot plate, preferably at 40 to 150°C
for 10 seconds to 30 mnutes, nore preferably 50 to
120°C for 30 seconds to 20 m nutes.

[ 0438]

After exposure or PEB, a target pattern is forned
on the substrate by devel oping with a devel oper for 3
seconds to 3 mnutes, preferably 5 seconds to 2 m nutes,

according to a conventional method, such as a dip
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met hod, a puddl e nethod, and a spray nethod.
[ 0439]

The devel oper nay be an organi c sol vent devel oper
or an al kali ne aqueous devel oper.
[ 0440]

Exanpl es of the organic solvent devel oper include
2- octanone, 2-nonanone, 2-heptanone, 3-heptanone, 4-
hept anone, 2-hexanone, 3-hexanone, diethyl ketone,
met hyl ethyl ketone, methyl isobutyl ketone,
cycl opent anone, cycl ohexanone, diisobutyl ketone, methyl
cycl ohexanone, acetophenone, nethyl acetophenone, propyl
acetate, butyl acetate, isobutyl acetate, pentyl
acetate, butenyl acetate, isopentyl acetate, propyl
formate, butyl formate, isobutyl formate, pentyl
formate, isopentyl formate, nethyl val erate, nmethyl
pent enoate, nethyl crotonate, chloro Ethyl tonate,
met hyl propionate, ethyl propionate, ethyl 3-
et hoxypr opi onate, nethyl |actate, ethyl |actate, propyl
| actate, butyl lactate, isobutyl |actate, pentyl
| actate, isopentyl l|actate, nethyl 2-hydroxyisobutyrate,
et hyl 2-hydroxyi sobutyrate, nethyl benzoate, ethyl
benzoate, phenyl acetate, benzyl acetate, nethyl
phenyl acetate, benzyl formate, phenylethyl formte,
met hyl 3-phenyl propi onate, benzyl propionate, ethyl
phenyl acetate, 2-phenylethyl acetate, diethylene glycol
di met hyl ether, ethylene glycol dimethyl ether, xylene,
tol uene, ani sole, nethanol, ethanol, isopropanol, n-
butyl al cohol, isobutyl alcohol, acetic anhydride,
acetic acid.
[ 0441]

Specific exanples of the al kaline aqueous devel oper
i ncl ude aqueous sol utions of potassium hydroxi de, sodium

hydr oxi de, or the |ike; and aqueous al kaline solutions
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of tetranmethyl amoni um hydroxi de, tetraethyl anmoni um
hydr oxi de, tetrapropyl anmoni um hydr oxi de,
t et rabut yl ammoni um hydr oxi de, chol i ne hydroxi de, or the
like.
[ 0442]

One kind of the devel opers may be used, or two or
nore ki nds thereof may be m xed to be used.
[ 0443]

Rinsing is perforned at the end of devel opnent.
The rinsing liquid is preferably a solvent that can
di ssolve in the devel oper when m xed therewith and does
not dissolve the resist film Solvents used preferably
i ncl ude al cohols having 3 to 10 carbon atons, ether
conpounds having 8 to 12 carbon atons, and sol vents of
al kanes, al kenes, al kynes, which have 6 to 12 carbon
atoms, aromatic solvents, and pure water.
[ 0444]

Specific exanples of the alcohol having 3 to 10
carbon atons include n-propyl alcohol, isopropyl
al cohol, 1-butyl alcohol, 2-butyl alcohol, isobutyl
al cohol, tert-butyl alcohol, 1-pentanol, 2-pentanol, 3-
pent anol, tert-pentyl alcohol, neopentyl alcohol, 2-
met hyl - 1- but anol , 3-net hyl - 1- but anol, 3-nethyl - 3-
pent anol, cycl opentanol, 1-hexanol, 2-hexanol, 3-
hexanol , 2, 3-di met hyl - 2- butanol, 3, 3-di net hyl -1- but anol ,
3, 3-di met hyl - 2- but anol , 2-ethyl -1-butanol, 2-nmethyl-1-
pent anol , 2-nethyl -2-pentanol, 2-nethyl-3-pentanol, 3-
nmet hyl - 1- pent anol, 3-net hyl -2-pentanol, 3-nethyl - 3-
pent anol , 4-nethyl -1-pentanol, 4-nethyl-2-pentanol, 4-
met hyl - 3- pent anol, cycl ohexanol, and 1-octanol.
[ 0445]

Specific exanples of the ether conpound having 8 to

12 carbon atonms include di-n-butyl ether, diisobutyl
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et her, di-sec-butyl ether, di-n-pentyl ether,

di i sopentyl ether, di-sec-pentyl ether, di-tert-pentyl
et her, and di-n-hexyl ether.

[ 0446]

Specific exanples of the al kane having 6 to 12
carbon atons include hexane, heptane, octane, nonane,
decane, undecane, dodecane, nethyl cycl opentane,

di met hyl cycl opent ane, cycl ohexane, nethyl cycl ohexane,

di met hyl cycl ohexane, cycl oheptane, cycl ooctane, and

cycl ononane. Specific exanples of the al kene having 6
to 12 carbon atons include hexene, heptene, octene,

cycl ohexene, nmethyl cycl ohexene, di nmethyl cycl ohexene,

cycl ohept ene, and cycl ooctene. Specific exanples of the
al kyne having 6 to 12 carbon atons include hexyne,
heptyne, and octyne.

[ 0447]

Exanpl es of aromatic sol vents include toluene,
xyl ene, ethyl benzene, isopropyl benzene, tert-
butyl benzene, nesityl ene.

[ 0448]

By rinsing, it is possible to reduce coll apse of a
resi st pattern and occurrence of a defect. Meanwhil e,
the rinsing is not necessarily essential, and w thout
rinsing it is possible to reduce the anmpbunt of sol vent
used.

[ 0449]

It is also possible to shrink the hole pattern or
the trench pattern after devel opnent using thermal fl ow,
RELACS techni que or DSA technique. A shrink agent is
applied onto the hole pattern; crosslinking of the
shrink agent occurs on the surface of the resist film
due to diffusion of acid catalyst fromthe resist film

duri ng baking; and the shrink agent adheres to the side
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wal I s of the hole pattern. The baking tenperature is
preferably 70 to 180°C, nore preferably 80 to 170°C, and
the baking time is preferably 10 to 300 seconds to

renove excess shrink agent and reduce the hole pattern.

EXAMPLE
[ 0450]

Herei nafter, the present invention will be further
specifically described with reference to Synthesis
Exanpl es, Conparative Synthesis Exanples, Exanmples, and
Conpar ative Exanples. However, the present invention is
not limted thereto. Incidentally, the nolecul ar wei ght
was neasured specifically in the follow ng manner.

Wei ght - aver age nol ecul ar wei ght (Mv) and nunber - aver age
nol ecul ar weight (Mh) in terns of polystyrene were
measured by gel perneation chromatography (GPC) using
tetrahydrofuran as an eluent (solvent), and dispersity
(MM WMn) was cal cul ated therefrom

[ 0451]

[ Synt hesis of Polyner (Bl) to (B18)]

Mononmers used to synthesize polynmers (Bl) to (B18)
for Exanpl es are shown bel ow.



220

[ 0452]

| o Fs P
TMO/O/E OO\SF H E -

5

a-(1) a-(2) a-(3) a-(4) a-(5)
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o { a’éQ?
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O)\©\
Fs SF

a-(6) a-(7) a-(8) a-{(9) a-{10)

.fo_\_ O—/_ O>/_r//

fo [
o OH
HN\O\S TEH,9
=
SFs Fs
a-(11) a-(12) a-(13) a-(14) a-(15)
[ 0453]

[ Synt hesis Exanple 1] Synthesis of polyner (Bl)

O

Under a nitrogen atnosphere, 1.0 g of propyl ene
gl ycol nononmet hyl ether acetate (PGVEA) was heated and

(B1)
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stirred at 80°C. A mxture of 5.04 g (15.0 nol) of a
mononmer a-(1), 0.173 g (0.75 mml) of dinmethyl 2,2-
azobi s(2-met hyl propi onate), and 15.0 g of PGVEA was
added dropwi se thereto over 4 hours. The m xture was
further heated and stirred for 16 hours, and then cool ed
to roomtenperature to obtain a PGVEA solution of a
target polymer (Bl). As a result of analysis, the

pol yner (Bl) had a wei ght-average nol ecul ar wei ght (Mw)
of 12,900 and a dispersity (Mv M) of 1.45.

[ 0454]

[ Synt hesis Exanple 2] Synthesis of polynmer (B2)

L
SF5 (B 2)

Under a nitrogen atnosphere, 10.0 g of PGVEA was
heated and stirred at 80°C. A mxture of 4.83 g (15.0
mmol ) of a nononmer a-(2), 0.173 g (0.75 mml ) of
di met hyl 2, 2-azobi s(2-nmet hyl propi onate), and 15.0 g of
PGVEA was added dropw se thereto over 4 hours. The
m xture was further heated and stirred for 16 hours, and
then cooled to roomtenperature to obtain a PGVEA
solution of a target polyner (B2). As a result of
anal ysis, the polynmer (B2) had a wei ght-average
nol ecul ar wei ght (Mwv) of 14200 and a dispersity (Mw Vh)
of 1.38.
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[ 0455]
[ Synt hesis Exanple 3] Synthesis of polyner (B3)

LSt

SFS5 (B 3)

Under a nitrogen atnosphere, 10.0 g of PGVEA was
heated and stirred at 80°C. A mxture of 3.87 g (12.0
mmol ) of a nmononmer a-(2), 0.36 g (3.0 nmmol ) of a nononer
a-(3), 0.173 g (0.75 mml) of dinmethyl 2,2-azobis(2-
met hyl propi onate), and 15.0 g of PGVEA was added
dropwi se thereto over 4 hours. The m xture was further
heated and stirred for 16 hours, and then cooled to room
tenperature to obtain a PGVEA sol ution of a target
polynmer (B3). As a result of analysis, the polymer (B3)
had a wei ght -average nol ecul ar wei ght (Mw) of 12800 and
a dispersity (M~ M) of 1.58.

[ 0456]
[ Synt hesis Exanple 4] Synthesis of polyner (B4)

PaVs

R

O

Under a nitrogen atnosphere, 10.0 g of PGVEA was
heated and stirred at 80°C. A mxture of 4.32 g (15.0
mol ) of a nmononmer a-(4), 0.173 g (0.75 mmol ) of
di met hyl 2, 2-azobi s(2-met hyl propi onate), and 15.0 g of



223

PGVEA was added dropw se thereto over 4 hours. The

m xture was further heated and stirred for 16 hours, and
then cooled to roomtenperature to obtain a PGVEA
solution of a target polyner (B4). As a result of

anal ysis, the polyner (B4) had a wei ght-average

nol ecul ar wei ght (Mwv) of 10800 and a dispersity (Mw Vh)
of 1.44.

[ 0457]

[ Synt hesis Exanple 5] Synthesis of polyner (B5)

ALY

X,

HN™ O

‘ X

F

SFs (B 5)

Under a nitrogen atnosphere, 10.0 g of PGVEA was
heated and stirred at 80°C. A mxture of 4.31 g (15.0
nmmol ) of a nonomer a-(5), 0.173 g (0.75 mml ) of
di met hyl 2, 2-azobi s(2-nmet hyl propi onate), and 15.0 g of
PGVEA was added dropw se thereto over 4 hours. The
m xture was further heated and stirred for 16 hours and
then cooled to roomtenperature to obtain a PGVEA
solution of a target polyner (B5). As a result of
anal ysis, the polyner (B5) had a wei ght-average
nol ecul ar wei ght (Mwv) of 12300 and a dispersity (Mw Vh)
of 1.34.
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[ 0458]
[ Synt hesis Exanple 6] Synthesis of polyner (B6)

A~y

X

HN™ O

S
OSFs(BG}

Under a nitrogen atnosphere, 10.0 g of PGVEA was
heated and stirred at 80°C. A mxture of 4.55 g (15.0
nmmol ) of a nonomer a-(6), 0.173 g (0.75 nmol) of
di met hyl 2, 2-azobi s(2-nmethyl propi onate), and 15.0 g of
PGVEA was added dropw se thereto over 4 hours. The
m xture was further heated and stirred for 16 hours and
then cooled to roomtenperature to obtain a PGVEA
solution of a target polyner (B6). As a result of
anal ysis, the polyner (B6) had a wei ght-average
nol ecul ar wei ght (Mwv) of 11200 and a dispersity (Mw Vh)
of 1.41.

[ 0459]
[ Synt hesis Exanple 7] Synthesis of polyner (B7)

SFs

(B7)
Under a nitrogen atnosphere, 10.0 g of PGVEA was
heated and stirred at 80°C. A mxture of 5.40 g (15.0
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nmol ) of a nonomer a-(7), 0.173 g (0.75 mml) of

di met hyl 2, 2-azobi s(2-nmet hyl propi onate), and 15.0 g of
PGVEA was added dropw se thereto over 4 hours. The

m xture was further heated and stirred for 16 hours and
then cooled to roomtenperature to obtain a PGVEA
solution of a target polyner (B7). As a result of

anal ysis, the polynmer (B7) had a wei ght-average

nol ecul ar wei ght (Mwv) of 16300 and a dispersity (Mw Vh)
of 1.56.

[ 0460]

[ Synt hesis Exanple 8] Synthesis of polynmer (B8)

SFS[BS}

Under a nitrogen atnosphere, 10.0 g of PGVEA was
heated and stirred at 80°C. A mxture of 5.40 g (15.0
mmol ) of a nononmer a-(8), 0.173 g (0.75 mml ) of
di net hyl 2, 2-azobi s(2-nmet hyl propi onate), and 15.0 g of
PGVEA was added dropw se thereto over 4 hours. The
m xture was further heated and stirred for 16 hours and
then cooled to roomtenperature to obtain a PGVEA
solution of a target polyner (B8). As a result of
anal ysis, the polyner (B8) had a wei ght-average
nol ecul ar wei ght (Mwx) of 14900 and a dispersity (Mw Vh)
of 1.54.
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[ 0461]
[ Synt hesis Exanple 9] Synthesis of polyner (B9)

SF5(59>

Under a nitrogen atnosphere, 10.0 g of PGVEA was
heated and stirred at 80°C. A mxture of 5.44 g (15.0
nmmol ) of a nonomer a-(9), 0.173 g (0.75 nmol) of
di met hyl 2, 2-azobi s(2-nmet hyl propi onate), and 15.0 g of
PGVEA was added dropw se thereto over 4 hours. The
m xture was further heated and stirred for 16 hours and
then cooled to roomtenperature to obtain a PGVEA
solution of a target polyner (B9). As a result of
anal ysis, the polyner (B9) had a wei ght-average
nol ecul ar wei ght (Mwv) of 17100 and a dispersity (Mw Vh)
of 1.42.

[ 0462]
[ Synt hesis Exanple 10] Synthesis of polyner (B10)

8¢

O O

kEOH

O
O

SFs (B10)
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Under a nitrogen atnosphere, 10.0 g of PGVEA was
heated and stirred at 80°C. A mxture of 5.85 g (15.0
mmol ) of a nononmer a-(B10), 0.173 g (0.75 mml ) of
di met hyl 2, 2-azobi s(2-nmet hyl propi onate), and 15.0 g of
PGVEA was added dropw se thereto over 4 hours. The
m xture was further heated and stirred for 16 hours and
then cooled to roomtenperature to obtain a PGVEA
solution of a target polymer (B10). As a result of
anal ysis, the polyner (B10) had a wei ght-average
nol ecul ar wei ght (Mwv) of 16100 and a dispersity (Mw Vh)
of 1.55.

[ 0463]
[ Synt hesis Exanple 11] Synthesis of polyner (Bl1l)

SF5 (B11)

Under a nitrogen atnosphere, 10.0 g of PGVEA was
heated and stirred at 80°C. A mxture of 5.85 g (15.0
mol ) of a nonomer a-(11), 0.173 g (0.75 mml) of
di met hyl 2, 2-azobi s(2-nmet hyl propi onate), and 15.0 g of
PGVEA was added dropwi se thereto over 4 hours. The
m xture was further heated and stirred for 16 hours and
then cooled to roomtenperature to obtain a PGVEA
solution of a target polynmer (Bll). As a result of
anal ysis, the polynmer (Bll) had a wei ght-average
nol ecul ar wei ght (Mwv) of 18100 and a dispersity (Mw Vh)
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of 1.65.
[ 0464]
[ Synt hesis Exanple 12] Synthesis of polyner (Bl2)

X

O O
O

L
SFg

Under a nitrogen atnosphere, 10.0 g of PGVEA was
heated and stirred at 80°C. A mxture of 5.18 g (15.0
mmol ) of a nonomer a-(12), 0.173 g (0.75 mmol) of

(B12)

di met hyl 2, 2-azobi s(2-nmet hyl propi onate), and 15.0 g of
PGVEA was added dropw se thereto over 4 hours. The

m xture was further heated and stirred for 16 hours and
then cooled to roomtenperature to obtain a PGVEA
solution of a target polyner (B12). As a result of

anal ysis, the polyner (B12) had a wei ght-average

nol ecul ar wei ght (Mwv) of 16100 and a dispersity (Mw Vh)
of 1.55.

[ 0465]

[ Synt hesis Exanple 13] Synthesis of polyner (B13)

O (oo

- Y

(B13)
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Under a nitrogen atnosphere, 10.0 g of PGVEA was
heated and stirred at 80°C. A mxture of 4.35 g (12.0
mmol ) of a nmononmer a-(9), 1.45 g (3.0 mmol ) of a nononer
a-(13), 0.173 g (0.75 mml) of dinmethyl 2,2-azobis(2-
met hyl propi onate), and 15.0 g of PGVEA was added
dropwi se thereto over 4 hours. The m xture was further
heated and stirred for 16 hours and then cooled to room
tenperature to obtain a PGVEA sol ution of a target
polymer (B13). As a result of analysis, the polynmer
(B13) had a wei ght-average nol ecul ar wei ght (Mw) of
18800 and a dispersity (Mwv M) of 1.65.

[ 0466]
[ Synt hesi s Exanple 14] Synthesis of polyner (Bl4)

o O O 0
KEOH AT
C)

Under a nitrogen atnosphere, 10.0 g of PGVEA was
heated and stirred at 80°C. A mxture of 2.72 g (7.5
mol ) of a nmononmer a-(9), 3.62 g (7.5 mol ) of a nononer
a-(13), 0.173 g (0.75 mml) of dimethyl 2,2-azobis(2-

met hyl propi onate), and 15.0 g of PGVEA was added

dropwi se thereto over 4 hours. The m xture was further

(B14)

heated and stirred for 16 hours and then cooled to room
tenperature to obtain a PGVEA sol ution of a target
polynmer (Bl14). As a result of analysis, the polynmer
(B14) had a wei ght-average nol ecul ar wei ght (Mw) of
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21200 and a dispersity (M~ M) of 1.75.
[ 0467]
[ Synt hesi s Exanpl e 15] Synthesis of polyner (B15)

o o o o
OH H
o OH
o
SFs

(B15)

Under a nitrogen atnosphere, 10.0 g of PGVEA was
heated and stirred at 80°C. A mxture of 2.92 g (7.5
mmol ) of a nonomer a-(10), 0.87 g (7.5 mol) of a
nmononmer a-(14), 0.173 g (0.75 mml) of dinmethyl 2,2-
azobi s(2-met hyl propi onate), and 15.0 g of PGVEA was
added dropw se thereto over 4 hours. The m xture was
further heated and stirred for 16 hours and then cool ed
to roomtenperature to obtain a PGVEA solution of a
target polynmer (B15). As a result of analysis, the
pol yner (B15) had a wei ght-average nol ecul ar wei ght (Mn)
of 11200 and a dispersity (Mwv Vn) of 1.38.

[ 0468]
[ Synt hesis Exanple 16] Synthesis of polyner (B16)

(B16)
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Under a nitrogen atnosphere, 10.0 g of PGVEA was
heated and stirred at 80°C. A mxture of 4.68 g (12.0
mol ) of a nmononmer a-(10), 0.52 g (3.0 mmol) of a
nonomer a-(15), 0.173 g (0.75 mml) of dinmethyl 2,2-
azobi s(2-met hyl propi onate), and 15.0 g of PGVEA was
added dropwi se thereto over 4 hours. The m xture was
further heated and stirred for 16 hours and then cool ed
to roomtenperature to obtain a PGVEA solution of a
target polynmer (B16). As a result of analysis, the
pol ymer (B16) had a wei ght-average nol ecul ar wei ght (Mn)
of 21200 and a dispersity (Mwm M1) of 1.75.

[ 0469]
[ Synt hesis Exanple 17] Synthesis of polyner (B17)

19

O O

KEOH

O
O

SF5(B17}

Under a nitrogen atnosphere, 10.0 g of PGVEA was
heated and stirred at 80°C. A mxture of 5.85 g (15.0
nmmol ) of a nonomer a-(10), 0.103 g (0.45 mml) of
di met hyl 2, 2-azobi s(2-nmet hyl propi onate), and 15.0 g of
PGVEA was added dropw se thereto over 4 hours. The
m xture was further heated and stirred for 16 hours and
then cooled to roomtenperature to obtain a PGVEA
solution of a target polyner (B17). As a result of
anal ysis, the polynmer (Bl17) had a wei ght-average
nol ecul ar wei ght (Mwv) of 28100 and a dispersity (Mw Vh)
of 1.89.
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[ 0470]
[ Synt hesis Exanple 18] Synthesis of polyner (B18)

SFs (B18)

Under a nitrogen atnosphere, 10.0 g of PGVEA was
heated and stirred at 80°C. A mxture of 5.85 g (15.0
mmol ) of a nonomer a-(10), 0.069 g (0.30 mml) of
di met hyl 2, 2-azobi s(2-nmet hyl propi onate), and 15.0 g of
PGVEA was added dropw se thereto over 4 hours. The
m xture was further heated and stirred for 16 hours and
then cooled to roomtenperature to obtain a PGVEA
solution of a target polyner (B18). As a result of
anal ysis, the polynmer (B18) had a wei ght-average
nol ecul ar wei ght (Mwv) of 32100 and a dispersity (Mw Vh)
of 2.03.

[0471]
[ Synt hesis of Polynmer (B19) to (B29)]

Raw materials used to synthesize polyners (B19) to
(B29) for Exanples are shown below. Incidentally,

formalin used in b-(9) was a 37% aqueous sol uti on.
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[ 0472]

OH HO OH HO OH HO OH
O B& Ay S~

00 B

b-(2) b-(3) b-(4)
[ 0473]
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\' $Fs F H
o N /tTBS O N__~_ 0
o Z > SF H H
cl 5
OH
OH
b-(5) b-(6) b-(7) b-(8) b-(9)
CHO CHO OH CHO &SjiijL
/‘| =0
O O CC
SF4 OCF; OH OH
b-(10) b-(11) b-(12) b-(13) b-(14)
[0474]

[ Synt hesi s Exanple 19] Synthesis of polyner
(Internedi ate 1)

Under a nitrogen atnosphere, 216.8 g (2.00 nmol) of
a material b-(1), 146.0 g of a material b-(9)
(corresponding to 1.80 nol as fornmal dehyde), 9.0 g of
oxalic acid, and 100 g of di oxane were added and reacted
for 24 hours at an internal tenperature of 100°C. After
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the reaction was conpl eted, the m xture was cooled to
roomtenperature, 1000 m of nethyl isobutyl ketone

(M BK) was added, and washing was perfornmed six tines
with 500 ml of pure water. The organic |ayer was

coll ected, and the pressure was reduced to 2 mmHg at an
i nternal tenperature of 150°C, and noi sture, solvent,
and residual monomers were renoved under reduced
pressure, thereby obtaining a polyner (internmediate 1).
As a result of analysis, the weight-average nol ecul ar
wei ght (Mw) of the polynmer (internmediate 1) was 8100,
and the dispersity (Mv/ M) was 3.51.

[ 0475]

[ Synt hesi s Exanple 20] Synthesis of polyner (B19)

SFs

O

N
+ ot

AN (B19)

Under a nitrogen atnosphere, 10 g (corresponding to

83.2 mmol, in terms of a repeating unit) of a polyner
(Internediate 1), 13.80 g (99.9 mml) of potassium
carbonate, 100 g of DMF were added to prepare a uniform
di spersion at an internal tenperature 50°C. 25.23 g
(99.9 mmol) of a material b-(7) was slowy added to the
m xture, and the reaction was carried out at an internal
tenperature of 50°C for 24 hours. After adding 300 m
of M BK and 300 g of pure water to the reaction solution
to dissolve the precipitated salt, the separated aqueous
| ayer was renoved; 1500 g of hexane was added to the
obt ai ned organic | ayer; and the upper |ayer was renoved.

The | ower |ayer precipitated like a rice cake was



235

col l ected, redissolved in 300 mM of M BK, and subjected
to liquid-liquid separation and washing six tinmes with
100 g of a 3% nnitric acid aqueous solution and 100 g of
pure water. And then, the resultant organic |ayer was
evaporated to dryness under reduced pressure to obtain a
polymer (B19). As a result of analysis, the weight-
average nol ecul ar weight (Mwv) of the polyner (B19) was
17400, and the dispersity (Mv/ M) was 3.21.

[ 0476]

[ Synt hesis Exanpl e 21] Synthesis of polyner (B20)

H
BAS
O SFg
N
1 Jtom
kw%ﬁ\\ (B20)

Under a nitrogen atnmosphere, 10 g (corresponding to
83.2 mmol, in terms of a repeating unit) of a polyner
(Internediate 1), 13.80 g (99.9 mmol) of potassium
carbonate, 100 g of DMF were added to prepare a uniform
di spersion at an internal tenperature 50°C. 29.53 ¢
(99.9 mmol) of a material b-(8) was slowy added to the
m xture, and the reaction was carried out at an internal
tenperature of 50°C for 24 hours. After adding 300 m
of M BK and 300 g of pure water to the reaction solution
to dissolve the precipitated salt, the separated aqueous
| ayer was renoved; 1500 g of hexane was added to the
obt ai ned organic |ayer; and the upper |layer was renpved.
The | ower |ayer precipitated like a rice cake was
col l ected, redissolved in 300 mM of M BK, and subjected
to liquid-liquid separation and washing six tinmes with
100 g of a 3% nnitric acid aqueous solution and 100 g of

pure water. And then, the resultant organic |ayer was
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evaporated to dryness under reduced pressure to obtain a
pol ynmer (B20). As a result of analysis, the weight-
average nol ecul ar weight (Mw) of the polyner (B20) was
20400, and the dispersity (Mv/ M) was 3.11.

5.

[0477]

[ Synt hesi s Exanple 22] Synthesis of polyner (B21)

SFs

et 4D

(B21)

Under a nitrogen atnosphere, 10 g (corresponding to
83.2 mmol, in terms of a repeating unit) of a polyner
(Internediate 1), 11.50 g (83.2 mmol ) of potassium
carbonate, 100 g of DMF were added to prepare a uniform
di spersion at an internal tenperature 50°C. 14.72 ¢
(58.3 mmol ) of a material b-(7) was slowy added to the
m xture, and the reaction was carried out at an internal
tenperature of 50°C for 24 hours. After adding 300 m
of M BK and 300 g of pure water to the reaction solution
to dissolve the precipitated salt, the separated aqueous
| ayer was renoved; 1500 g of hexane was added to the
obt ai ned organic | ayer; and the upper |ayer was renoved.
The | ower | ayer precipitated like a rice cake was
col l ected, redissolved in 300 mM of M BK, and subjected
to liquid-liquid separation and washing six tinmes wth
100 g of a 3% nnitric acid aqueous solution and 100 g of
pure water. And then, the resultant organic | ayer was
evaporated to dryness under reduced pressure to obtain a
polymer (B21). As a result of analysis, the weight-
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aver age nol ecul ar weight (Mv) of the polyner (B21) was
15400, and the dispersity (Mv/ M) was 2.98.

[ 0478]

[ Synt hesis Exanple 23] Synthesis of polyner (B22)

OH Zj/N\Q\SF5
e, 10

\/_\CHngo TL:\;_EH?F&]

(B22)

Under a nitrogen atnosphere, 10 g (corresponding to
83.2 mmol, in terms of a repeating unit) of a polyner
(Internediate 1), 11.50 g (83.2 mol) of potassium
carbonate, 100 g of DMF were added to prepare a uniform
di spersion at an internal tenperature 50°C. 12.30 g
(41.6 mmol) of a material b-(8) was slowy added to the
m xture, and the reaction was carried out at an internal
tenperature of 50°C for 24 hours. After adding 300 m
of M BK and 300 g of pure water to the reaction solution
to dissolve the precipitated salt, the separated aqueous
| ayer was renoved; 1500 g of hexane was added to the
obt ai ned organic |l ayer; and the upper |ayer was renoved.
The | ower |ayer precipitated like a rice cake was
col l ected, redissolved in 300 mM of M BK, and subjected
to liquid-liquid separation and washing six tinmes wth
100 g of a 3% nnitric acid aqueous solution and 100 g of
pure water. And then, the resultant organic | ayer was
evaporated to dryness under reduced pressure to obtain a
pol ymer (B22). As a result of analysis, the weight-
average nol ecul ar weight (Mv) of the polyner (B22) was
17900, and the dispersity (Mv/ M) was 3.08.
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[ 0479]
[ Synt hesi s Exanpl e 24] Synthesis of polyner (B23)

jos
O

{ Jont

OH (B23)

Under a nitrogen atnosphere, 5.00 g (16.0 nmml) of
a material b-(5) and 1.17 g (corresponding to 14.4 mmol,
in terns of formal dehyde) of a material b-(9), 0.5 g of
oxalic acid, and 20 g of di oxane were added and reacted
for 24 hours at an internal tenperature of 100°C. After
the reaction was conpl eted, the m xture was cooled to
roomtenperature, 60 g of hexane was added, and the
upper |ayer was renoved. The |ower |ayer precipitated
like a rice cake was col |l ected, added with 100 m of
M BK, and subjected to washing with 50 m of pure water
six times. The organic |layer was collected, and the
pressure was reduced to 2 mrHg at an internal
tenperature of 150°C, and noisture, solvent, and
resi dual mononmers were renoved under reduced pressure,
t hereby obtaining a polynmer (B23). As a result of
anal ysis, the wei ght-average nol ecul ar wei ght (Mwv) of
t he polymer (B23) was 10100, and the dispersity (Mwv/
Mh) was 2.91.
[ 0480]
[ Synt hesi s Exanpl e 25] Synthesis of polyner (B24)
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/

SFs (B24)

Under a nitrogen atnosphere, 5.00 g (22.7 nmml ) of
a material b-(6) and 1.17 g (20.4 mol) of a material b-
(10), 0.5 g of p-toluenesul fonic acid nonohydrate, and
20 g of dioxane were added and reacted for 24 hours at
an internal tenperature of 100°C. After the reaction
was conpleted, the m xture was cooled to room
tenperature, 60 g of hexane was added, and the upper
| ayer was renoved. The |ower |ayer precipitated |like a
rice cake was coll ected, added with 100 m of M BK, and
subjected to washing with 50 nl of pure water six tines.
The organic | ayer was coll ected, and the pressure was
reduced to 2 mmHg at an internal tenperature of 150°C,
and noi sture, solvent, and residual nmononers were
renoved under reduced pressure, thereby obtaining a
pol ynmer (B24). As a result of analysis, the weight-
average nol ecul ar weight (Mwv) of the polyner (B24) was
6800, and the dispersity (Mv/ M) was 2.12.
[ 0481]
[ Synt hesi s Exanple 26] Synthesis of polyner
(I nternedi ate 2)
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Under a nitrogen atnosphere, 5.00 g (14.3 nol) of a
material b-(2), 2.98 g (12.8 mml) of a material b-(10),
0.5 g of p-toluenesul fonic acid nonohydrate, and 20 g of
di oxane were added and reacted for 24 hours at an
i nternal tenperature of 100°C. After the reaction was
conpleted, the m xture was cool ed to room tenperature,
60 g of hexane was added, and the upper |ayer was
renmoved. The |ower |ayer precipitated like a rice cake
was col |l ected, added with 100 m of M BK, and subjected
to washing with 50 m of pure water six tinmes. The
organi c | ayer was collected, and the pressure was
reduced to 2 mmHg at an internal tenperature of 150°C,
and noi sture, solvent, and residual nmononmers were
renoved under reduced pressure, thereby obtaining a
polymer (Internediate 2). As a result of analysis, the
wei ght - aver age nol ecul ar wei ght (Mwv) of the pol yner
(Internediate 2) was 3800, and the dispersity (Mv / M)
was 2.52.

[ 0482]
[ Synt hesis Exanple 27] Synthesis of polyner (B25)

SF5 . -SFs

. R = —H or I/,LVH’
RO ~OR :
\I I/ 0.5 0.5

Under a nitrogen atnosphere, 5.0 g (correspondi ng

_ (B25)

to 8.86 mml, in terns of a repeating unit) of a polyner
(Internediate 2), 2.45 g (17.7 mmol) of potassium
carbonate, 30 g of DMF were added to prepare a uniform
di spersion at an internal tenperature 50°C. 2.24 ¢
(8.86 mml) of a material b-(7) was slowy added to the

m xture, and the reaction was carried out at an i nternal
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tenperature of 50°C for 24 hours. After adding 100 m

of M BK and 100 g of pure water to the reaction solution
to dissolve the precipitated salt, the separated aqueous
| ayer was renoved; 200 g of hexane was added to the
obt ai ned organic | ayer; and the upper |layer was renoved.
The | ower |ayer precipitated like a rice cake was
collected, redissolved in 100 M of MBK, and subjected
to liquid-liquid separation and washing six tinmes with
50 g of a 3% nnitric acid aqueous solution and 50 g of
pure water. And then, the resultant organic |ayer was
evaporated to dryness under reduced pressure to obtain a
pol yner (B25). As a result of analysis, the weight-
average nol ecul ar weight (Mwv) of the polyner (B25) was
5900, and the dispersity (Mv/ M) was 2.58.

[ 0483]

[ Synt hesi s Exanpl e 28] Synthesis of polyner

(I nternmedi ate 3)

Under a nitrogen atnosphere, 5.00 g (11.1 nmml) of

a material b-(3), 1.90 g (10.0 mml) of a material b-
(11), 0.5 g of p-toluenesul fonic acid nonohydrate, and
20 g of dioxane were added and reacted for 24 hours at
an internal tenperature of 100°C. After the reaction
was conpl eted, the m xture was cooled to room
tenperature, 60 g of diisopropyl ether was added, and

t he upper |ayer was renoved. The |ower |ayer

precipitated like a rice cake was coll ected, added with
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100 mM of MBK, and subjected to washing with 50 nml of
pure water six times. The organic |ayer was coll ected,
and the pressure was reduced to 2 mmHg at an i nternal
tenperature of 150°C, and noisture, solvent, and

resi dual nmonomers were renoved under reduced pressure,
t hereby obtaining a polynmer (Internediate 3). As a
result of analysis, the weight-average nol ecul ar wei ght
(Mn) of the polymer (Intermediate 3) was 4400, and the
di spersity (Mv / M) was 2. 34.

[ 0484]

[ Synt hesis Exanple 29] Synthesis of polyner (B26)

OCF; . SFs

RO OR R= -.H or s

=

S

G0

B N (B26)

0.5 : 0.5

Under a nitrogen atnosphere, 5.0 g (correspondi ng
to 8.03 mol, in terns of a repeating unit) of a polyner
(Internediate 3), 2.22 g (16.1 mml) of potassium
carbonate, 30 g of DMF were added to prepare a uniform
di spersion at an internal tenperature 50°C. 2.03 g
(8.03 mmol) of a material b-(7) was slowy added to the
m xture, and the reaction was carried out at an internal
tenperature of 50°C for 24 hours. After adding 100 m
of M BK and 100 g of pure water to the reaction solution
to dissolve the precipitated salt, the separated aqueous
| ayer was renoved; 200 g of diisopropyl ether was added
to the obtained organic |layer; and the upper |ayer was
renmoved. The |ower |ayer precipitated like a rice cake
was col | ected, redissolved in 100 m of M BK, and

subj ected to liquid-liquid separation and washi ng six
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times with 50 g of a 3% nitric acid aqueous sol ution and
50 g of pure water. And then, the resultant organic

| ayer was evaporated to dryness under reduced pressure
to obtain a polynmer (B26). As a result of analysis, the
wei ght - aver age nol ecul ar wei ght (Mwv) of the pol yner
(B26) was 7300, and the dispersity (Mv/ M) was 2.28.

[ 0485]

[ Synt hesi s Exanple 30] Synthesis of polyner

(I nternedi ate 4)

Under a nitrogen atnosphere, 5.00 g (16.3 mml) of
a material b-(4), 3.98 g (17.1 mml) of a material b-
(10), 4.70 g of methanesul fonic acid, 20 g of 1, 2-
di chl oroet hane were added and reacted at an interna
tenperature of 80°C for 24 hours. After the reaction
was conpl eted, the m xture was cooled to room
tenperature, 120 g of diisopropyl ether was added, and
t he upper |ayer was renoved. The |ower |ayer
precipitated like a rice cake was collected, added with
100 mM of MBK, and subjected to washing with 50 nl of
pure water six tinmes. The organic |ayer was coll ected,
and the pressure was reduced to 2 mmHg at an i nternal
tenperature of 150°C, and noisture, solvent, and
resi dual mononmers were renoved under reduced pressure,

t hereby obtaining a polynmer (Internediate 4). As a
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result of analysis, the polyner (Intermediate 4) had a
wei ght - average nol ecul ar wei ght (Mv) of 7700 and a

di spersity (Mwv M) of 3.64.

[ 0486]

[ Synt hesis Exanple 31] Synthesis of polyner (B27)

SFs

_~_-SFs
|
RO = | | S OR R= -H or /.-LL,,J
==
0.7 : 0.3

OR

Under a nitrogen atnosphere, 5.0 g (correspondi ng
to 9.60 mml, in terns of a repeating unit) of a polyner
(Internediate 4), 3.98 g (28.8 mml) of potassium
carbonate, 30 g of DMF were added to prepare a uniform
di spersion at an internal tenperature 50°C. 2.18 g
(8.65 mml) of a material b-(7) was slowy added to the
m xture, and the reaction was carried out at an internal
tenperature of 50°C for 24 hours. After adding 100 m
of M BK and 100 g of pure water to the reaction solution
to dissolve the precipitated salt, the separated aqueous
| ayer was renoved; 200 g of hexane was added to the
obt ai ned organic |ayer; and the upper |ayer was renoved.
The | ower |ayer precipitated like a rice cake was
collected, redissolved in 100 M of MBK, and subjected
to liquid-liquid separation and washing six tinmes with
50 g of a 3% nnitric acid aqueous solution and 50 g of
pure water. And then, the resultant organic |ayer was
evaporated to dryness under reduced pressure to obtain a
pol ynmer (B27). As a result of analysis, the weight-
average nol ecul ar weight (Mwv) of the polyner (B27) was
9600, and the dispersity (Mv/ M) was 3.48.
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[ 0487]
[ Synt hesi s Exanpl e 32] Synthesis of polyner
(I nternmedi ate 5)

Under a nitrogen atnosphere, 5.00 g (31.2 mml) of
a material b-(12), 3.43 g (28.1 mml) of a material b-
(13), 0.50 g of p-toluenesul fonic acid nonohydrate, and
30 g of propylene glycol nononethyl ether were added and
reacted for 24 hours at an internal tenperature of
120°C. After the reaction was conpleted, the m xture
was cooled to roomtenperature, 80 g of diisopropyl
et her was added, and the upper |ayer was renoved. The
| ower | ayer precipitated like a rice cake was coll ected,
added with 100 mM of MBK, and subjected to washing with
50 m of pure water six tines. The organic |layer was
coll ected, and the pressure was reduced to 2 mmHg at an
internal tenperature of 150°C, and noisture, solvent,
and residual mononmers were renoved under reduced
pressure, thereby obtaining a polyner (Internediate 5).
As a result of analysis, the polyner (Internedi ate 5)
had a wei ght -average nol ecul ar wei ght (Mwv) of 3700 and a
di spersity (Md M) of 2. 84.
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[ 0488]
[ Synt hesis Exanple 33] Synthesis of polyner (B28)

OR SFs
N A / R= -H or |
OR 0
OR

5 : 0.5

(B28)

Under a nitrogen atnosphere, 5.0 g (correspondi ng
to 18.92 mmol, in terns of a repeating unit) of a
polymer (Internmediate 5), 7.84 g (56.8 mmol) of
pot assi um carbonate, and 30 g of DMF were added to
prepare a uniform di spersion at an internal tenperature
50°C. 7.17 g (28.4 mmol) of a material b-(7) was slowy
added to the m xture, and the reaction was carried out
at an internal tenperature of 50°C for 24 hours. After
addi ng 100 m of MBK and 100 g of pure water to the
reaction solution to dissolve the precipitated salt, the
separated aqueous | ayer was renoved; 200 g of hexane was
added to the obtained organic |ayer; and the upper |ayer
was renoved. The |ower |ayer precipitated like a rice
cake was col |l ected, redissolved in 100 mM of MBK, and
subjected to liquid-liquid separation and washi ng six
times with 50 g of a 3% nitric acid aqueous sol ution and
50 g of pure water. And then, the resultant organic
| ayer was evaporated to dryness under reduced pressure
to obtain a polyner (B28). As a result of analysis, the
wei ght - aver age nol ecul ar wei ght (Mwv) of the pol yner
(B28) was 7300, and the dispersity (Mv / M) was 2.98.
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[ 0489]
[ Synt hesis Exanpl e 34] Synthesis of polyner (B29)

@]

Héj OH

(B29)

Under a nitrogen atnosphere, as an initiator, 0.142
g (13.69 mml) of 2,2-dinethyl-1,3-propanediol, 0.192 g
(13.69 mml) of boron trifluoride tetrahydrofuran
conpl ex, and 30 g of nethylene chloride were added to
prepare a uniformsolution in a water bath. 10.0 g
(32.8 nmmol ) of a material b-(14) was slowly added
dropwi se to the solution. After conpletion of the
addi ng dropwi se, the solution was reacted at room
tenperature for 24 hours, and then the reaction was
guenched by adding 30 g of 5% sodi um bi car bonat e
solution in an ice bath. After renoving the separated
aqueous | ayer, washing with 30 g of pure water was
perfornmed 5 tines, and the organic | ayer was evaporated
to dryness under reduced pressure to obtain a polyner
(B29). As a result of analysis, the weight-average
nol ecul ar wei ght (Mwv) of the polyner (B29) was 4300, and
the dispersity (Mv/ M) was 2.11.
[ 0490]
[ Synthesis of Polynmers (B30) to (B42)]

The nononmers used in the synthesis of polyners

(B30) to (B42) for Exanples are shown bel ow.
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[ 0491]
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a-19

a-18

a-17

a-22

a-21

a-20

5F5

a-26

a-25

a-24
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[ 0492]
S X
oo 070
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SFs

a-29

a_30 a'31

[ 0493]
[ Synt hesi s Exanpl e 35] Synthesis of polyner (B30)

a-32

Under a nitrogen atnosphere, 10.0 g of PGVEA was
heated and stirred at 80°C. A mxture of 3.02 g (10.5
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nol ) of a nmononmer a-(4), 1.38 g (4.5 nol) of a nononer
a-(16), 0.069 g (0.30 nmol) of dimethyl 2,2-azobis(2-
nmet hyl propi onate), and 15.0 g of PGVEA was added
dropwi se thereto over 4 hours. The m xture was further
heated and stirred for 16 hours, and then cooled to room
tenperature to obtain a PGVEA sol ution of a target
polyner (B30). As a result of analysis, the polynmer
(B30) had a wei ght-average nol ecul ar wei ght (Mw) of
10600 and a dispersity (Mwv M) of 1.83.

[ 0494]

[ Synt hesis Exanple 36] Synthesis of polyner (B31)

Under a nitrogen atnosphere, 10.0 g of PGVEA was
heated and stirred at 80°C. A mxture of 3.02 g (10.5
nmol ) of a nmononer a-(4), 1.07 g (4.5 nol) of a nononer
a-(17), 0.069 g (0.30 nmmol) of dimethyl 2,2-azobis(2-
nmet hyl propi onate), and 15.0 g of PGVEA was added
dropwi se thereto over 4 hours. The m xture was further
heated and stirred for 16 hours, and then cooled to room
tenperature to obtain a PGVEA sol ution of a target
polynmer (B31). As a result of analysis, the polynmer
(B31) had a wei ght-average nol ecul ar wei ght (Mw) of 9800
and a dispersity (Mv M) of 1.77.
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[ 0495]
[ Synt hesi s Exanple 37] Synthesis of polyner (B32)

?0 he

Qo 0 c° "0

/ 1
\\i
SF;5

Under a nitrogen atnosphere, 10.0 g of PGVEA was
heated and stirred at 80°C. A mxture of 3.02 g (10.5
mmol ) of a nmononmer a-(4), 1.00 g (4.5 mmol ) of a nononer
a-(18), 0.069 g (0.30 nmmol) of dimethyl 2,2-azobis(2-
met hyl propi onate), and 15.0 g of PGVEA was added

dropwi se thereto over 4 hours. The m xture was further

heated and stirred for 16 hours, and then cooled to room
tenperature to obtain a PGVEA sol ution of a target

pol yner (B32). As a result of analysis, the polynmer
(B32) had a wei ght-average nol ecul ar wei ght (Mw) of
10800 and a dispersity (Mwv M) of 1.87.

[ 0496]

[ Synt hesis Exanple 38] Synthesis of polynmer (B33)

Under a nitrogen atnosphere, 10.0 g of PGVEA was
heated and stirred at 80°C. A mxture of 5.78 g (15.0
nmol ) of a nmononer a-(19), 0.069 g (0.30 nmmol) of
di met hyl 2, 2-azobi s(2-met hyl propi onate), and 15.0 g of
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PGVEA was added dropw se thereto over 4 hours. The

m xture was further heated and stirred for 16 hours, and
then cooled to roomtenperature to obtain a PGVEA
solution of a target polyner (B33). As a result of

anal ysis, the polyner (B33) had a wei ght-average

nol ecul ar wei ght (Mwv) of 10800 and a dispersity (Mw Vh)
of 1.87.

[ 0497]

[ Synt hesis Exanple 39] Synthesis of polyner (B34)

Under a nitrogen atnosphere, 10.0 g of PGVEA was
heated and stirred at 80°C. A mxture of 7.70 g (15.0
mmol ) of a nonomer a-(20), 0.069 g (0.30 mml) of
di met hyl 2, 2-azobi s(2-nmet hyl propi onate), and 15.0 g of
PGVEA was added dropw se thereto over 4 hours. The
m xture was further heated and stirred for 16 hours, and
then cooled to roomtenperature to obtain a PGVEA
solution of a target polyner (B34). As a result of
anal ysis, the polynmer (B34) had a wei ght-average
nol ecul ar wei ght (Mwv) of 9200 and a dispersity (Mw Mn)
of 1.81.
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[ 0498]
[ Synt hesi s Exanpl e 40] Synthesis of polyner (B35)

1, i
s é%

Under a nitrogen atnosphere, 10.0 g of PGVEA was
heated and stirred at 80°C. A mxture of 2.16 g (7.5
mol ) of a nmononmer a-(4), 3.51 g (7.5 mol ) of a nononer
a-(21), 0.069 g (0.30 nmol) of dimethyl 2,2-azobis(2-
met hyl propi onate), and 15.0 g of PGVEA was added

5

dropwi se thereto over 4 hours. The m xture was further
heated and stirred for 16 hours, and then cooled to room
tenperature to obtain a PGVEA sol ution of a target
polyner (B35). As a result of analysis, the polynmer
(B35) had a wei ght-average nol ecul ar wei ght (Mw) of 9300
and a dispersity (Mwv M) of 1.85.

[ 0499]

[ Synt hesis Exanple 41] Synthesis of polyner (B36)

1 7
0=5=0 o
l‘n SFs

Under a nitrogen atnosphere, 10.0 g of PGVEA was
heated and stirred at 80°C. A mxture of 3.37 g (7.5
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nmmol ) of a nonomer a-(22), 3.51 g (7.5 nmmol) of a
nmononer a-(21), 0.069 g (0.30 mml) of dinmethyl 2,2-
azobi s(2-met hyl propi onate), and 15.0 g of PGVEA was
added dropwi se thereto over 4 hours. The m xture was
further heated and stirred for 16 hours, and then cool ed
to roomtenperature to obtain a PGVEA solution of a
target polymer (B36). As a result of analysis, the

pol yner (B36) had a wei ght-average nol ecul ar wei ght (Mn)
of 7800 and a dispersity (Mwv WMn) of 1.65.

[ 0500]

[ Synt hesis Exanpl e 42] Synthesis of polyner (B37)

.
50 50
oo L7
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d}f 0 Qs:-f

SFs 3

Under a nitrogen atnosphere, 10.0 g of PGVEA was
heated and stirred at 80°C. A mxture of 2.48 g (7.5
mol ) of a nmononmer a-(23), 3.51 g (7.5 mmol) of a
nmononer a-(21), 0.069 g (0.30 mml) of dinmethyl 2,2-
azobi s(2-met hyl propi onate), and 15.0 g of PGVEA was
added dropwi se thereto over 4 hours. The m xture was
further heated and stirred for 16 hours, and then cool ed
to roomtenperature to obtain a PGVEA solution of a
target polymer (B37). As a result of analysis, the
pol ymer (B37) had a wei ght-average nol ecul ar wei ght (Mn)
of 7600 and a dispersity (Mwv Wn) of 1.69.
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[ 0501]
[ Synt hesi s Exanple 43] Synthesis of polyner (B38)

@Tso Ij:};!o
‘\SF5
£y o

Under a nitrogen atnosphere, 10.0 g of PGVEA was
heated and stirred at 80°C. A mxture of 2.52 g (7.5
mol ) of a nononmer a-(24), 4.45 g (7.5 mmol) of a
nmononer a-(26), 0.069 g (0.30 mml) of dinethyl 2,2-
azobi s(2-met hyl propi onate), and 15.0 g of PGVEA was
added dropwi se thereto over 4 hours. The m xture was
further heated and stirred for 16 hours, and then cool ed
to roomtenperature to obtain a PGVEA solution of a
target polymer (B38). As a result of analysis, the
pol ymer (B38) had a wei ght-average nol ecul ar wei ght (Mn)
of 7400 and a dispersity (Mwv Wn) of 1.61.

[ 0502]
[ Synt hesi s Exanpl e 44] Synthesis of polyner (B39)

Under a nitrogen atnosphere, 10.0 g of PGVEA was
heated and stirred at 80°C. A m xture of 2.66 g (7.5
mol ) of a nmononmer a-(25), 4.45 g (7.5 mol) of a
nmononer a-(26), 0.069 g (0.30 mml) of dinethyl 2,2-
azobi s(2-met hyl propi onate), and 15.0 g of PGVEA was
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added dropwi se thereto over 4 hours. The m xture was
further heated and stirred for 16 hours, and then cool ed
to roomtenperature to obtain a PGVEA solution of a
target polymer (B39). As a result of analysis, the

pol ymer (B39) had a wei ght-average nol ecul ar wei ght (Mn)
of 7800 and a dispersity (Mwv Wn) of 1.60.

[ 0503]

[ Synt hesi s Exanpl e 45] Synthesis of polyner (B40)

50
=0 O
i
o)

/@/ F3CICF3
OH
FsS

Under a nitrogen atnosphere, 10.0 g of PGVEA was
heated and stirred at 80°C. A mxture of 3.87 g (7.5
mmol ) of a nonomer a-(27), 2.21 g (7.5 nmmol) of a
nmononer a-(30), 0.069 g (0.30 mml) of dinmethyl 2,2-
azobi s(2-met hyl propi onate), and 15.0 g of PGVEA was
added dropwi se thereto over 4 hours. The m xture was
further heated and stirred for 16 hours, and then cool ed
to roomtenperature to obtain a PGVEA solution of a
target polymer (B40). As a result of analysis, the
pol ymer (B40) had a wei ght-average nol ecul ar wei ght (Mn)
of 6900 and a dispersity (Mwv Wn) of 1.50.
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[ 0504]
[ Synt hesi s Exanpl e 46] Synthesis of polyner (B41)

F F Fa
H
F F CF;

0=8=0

o
FsS

Under a nitrogen atnosphere, 10.0 g of PGVEA was
heated and stirred at 80°C. A m xture of 2.90 g (7.5
mol ) of a nononer a-(28), 2.36 g (7.5 mmol) of a
nmononer a-(31), 0.069 g (0.30 mml) of dinmethyl 2,2-
azobi s(2-met hyl propi onate), and 15.0 g of PGVEA was
added dropwi se thereto over 4 hours. The m xture was
further heated and stirred for 16 hours, and then cool ed
to roomtenperature to obtain a PGVEA solution of a
target polymer (B41). As a result of analysis, the
pol ymer (B41) had a wei ght-average nol ecul ar wei ght ( Mn)
of 8600 and a dispersity (Mwv Wn) of 1.78.

[ 0505]
[ Synt hesis Exanple 47] Synthesis of polyner (B42)

. X
CFs
0”0 o oH

CF;

SFg
Under a nitrogen atnosphere, 10.0 g of PGVEA was

heated and stirred at 80°C. A mxture of 3.60 g (7.5

mmol ) of a nonomer a-(29), 2.75 g (7.5 nmmol) of a
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nonomer a-(32), 0.069 g (0.30 mml) of dinmethyl 2,2-
azobi s(2-met hyl propi onate), and 15.0 g of PGVEA was
added dropw se thereto over 4 hours. The m xture was
further heated and stirred for 16 hours, and then cool ed
to roomtenperature to obtain a PGVEA solution of a
target polynmer (B42). As a result of analysis, the
pol yner (B42) had a wei ght-average nol ecul ar wei ght (Mn)
of 8800 and a dispersity (Mwv Wn) of 1.82.
[ 0506]
[ Synt hesis of Conparative Polynmers (Rl1) to (R7) and
Conpar ati ve Conpound (R8)]

Raw materials used to synthesize conparative
pol yners and conpound (R1) to (R8) are shown below. The
polymers (Rl) to (R7) were obtained by using nononers
(cl) to (c9). For synthesis of the conmpound (R8), (cl10)
was used.



[ 0507]
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(c2) (c3)

(c8) (9)
Cl 0
- I f/\\/\/\/‘\s\’o H
: o)
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[ 0508]
[ Conparative Synthesis Exanple 1] Synthesis of
Conpar ative Polymer (R1)

*f Lot

CF
s 2
FoC

|
FaCy

CF5 (R1)

Under a nitrogen atnosphere, 10.0 g of PGVEA was
heated and stirred at 80°C. A mxture of 3.44 g (10.8
nmmol ) of a nonomer (cl), 7.46 g (34.2 mol) of a nonomer
(c3), 0.473 g (2.05 mml) of dinmethyl 2,2-azobis(2-
nmet hyl propi onate), and 15.0 g of PGVEA was added
dropwi se thereto over 4 hours. The m xture was further
heated and stirred for 16 hours, and then cooled to room
tenperature to obtain a PGVEA sol ution of a target
polymer (R1l). As a result of analysis, the polymer (R1)
had a wei ght -average nol ecul ar wei ght (Mwv) of 9300 and a
di spersity (Md M) of 1.23.

[ 0509]
[ Conparative Synt hesis Exanple 2] Synthesis of
Conpar ative Polymer (R2)

o X0 o7 o

CF2
F>C

F-C
CFs (R 2)
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Under a nitrogen atnosphere, 10.0 g of PGVEA was
heated and stirred at 80°C. A mxture of 1.43 g (4.5
mmol ) of a nmononmer (cl), 5.76 g (34.2 mol ) of a nononer
(cd4), 0.473 g (2.05 mml) of dinmethyl 2,2-azobis(2-
met hyl propi onate), and 15.0 g of PGVEA was added
dropwi se thereto over 4 hours. The m xture was further
heated and stirred for 16 hours, and then cooled to room
tenperature to obtain a PGVEA sol ution of a target
polymer (R2). As a result of analysis, the polymer (R2)
had a wei ght -average nol ecul ar wei ght (Mwv) of 6300 and a
di spersity (Mu M) of 1.50.

[ 0510]
[ Conparative Synthesis Exanple 3] Synthesis of
Conpar ative Pol ymer (R3)

FsC CFj (R 3)

Under a nitrogen atnosphere, 10.0 g of PGVEA was
heated and stirred at 80°C. A mxture of 7.00 g (31.5
mol ) of a nmononmer (c2), 2.95 g (13.5 mmol ) of a nononer
(cd4), 0.473 g (2.05 mml) of dinmethyl 2,2-azobis(2-
met hyl propi onate), and 20.0 g of PGVEA was added
dropwi se thereto over 4 hours. The m xture was further
heated and stirred for 16 hours, and then cooled to room
tenperature to obtain a PGVEA sol ution of a target
polymer (R3). As a result of analysis, the polymer (R3)
had a wei ght -average nol ecul ar wei ght (Mwv) of 6300 and a
di spersity (Md M) of 1. 38.



262

[ 0511]
[ Conparative Synthesis Exanple 4] Synthesis of
Conpar ative Polymer (R4)

oS0 o o’\C\

F3C)\CF3 (R 4)
Under a nitrogen atnosphere, 10.0 g of PGVEA was

heated and stirred at 80°C. A mxture of 5.0 g (22.5
mmol ) of a nmononmer (c2), 4.46 g (22.5 mmol) of a nononer
(c5), 0.473 g (2.05 mmol) of dinmethyl 2,2-azobis(2-
met hyl propi onate), and 15.0 g of PGVEA was added
dropwi se thereto over 4 hours. The m xture was further
heated and stirred for 16 hours, and then cooled to room
tenperature to obtain a PGVEA sol ution of a target
polymer (R4). As a result of analysis, the polynmer (R4)
had a wei ght -average nol ecul ar wei ght (Mw) of 8300 and a
di spersity (Mv M) of 1. 33.
[ 0512]
[ Conparative Synthesis Exanple 5] Synthesis of
Conparative Polymer (R5)

0§
80

o O

PN

FsC CF;
HO (R5)

Under a nitrogen atnosphere, 10.0 g of PGVEA was
heated and stirred at 80°C. A mxture of 2.0 g (9.0
mol ) of a nmononmer (c2), 4.83 g (36.0 mmol ) of a nononer
(c6), 0.473 g (2.05 mml) of dinmethyl 2,2-azobis(2-
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met hyl propi onate), and 15.0 g of PGVEA was added
dropwi se thereto over 4 hours. The m xture was further
heated and stirred for 16 hours, and then cooled to room
tenperature to obtain a PGVEA sol ution of a target
polymer (R5). As a result of analysis, the polymer (R5)
had a wei ght -average nol ecul ar wei ght (Mw) of 4300 and a
di spersity (Md M) of 1.43.

[ 0513]

[ Conparative Synt hesis Exanple 6] Synthesis of
Conpar ati ve Pol ymer (R6)

?\] @) o 0
(o] O
T,
OCF,

Under a nitrogen atnosphere, 10.0 g of PGVEA was
heated and stirred at 80°C. A mxture of 4.0 g (13.7
nmol ) of a nmononer (c7), 1.66 g (3.5 mml) of a nononer
(c8), 0.198 g (0.86 mml) of dinethyl 2,2-azobis(2-
met hyl propi onate), and 15.0 g of PGVEA was added

(R6)

dropwi se thereto over 4 hours. The m xture was further
heated and stirred for 16 hours, and then cooled to room
tenperature to obtain a PGVEA sol ution of a target
polyner (R6). As a result of analysis, the polymer (R6)
had a wei ght -average nol ecul ar wei ght (Mw) of 12300 and
a dispersity (Mwv M) of 1.57.
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[ 0514]
[ Conparative Synthesis Exanple 7] Synthesis of
Conpar ati ve Pol ymer (R7)

50

e
T\] o 0
O
SCF,

Under a nitrogen atnosphere, 10.0 g of PGVEA was
heated and stirred at 80°C. A mxture of 4.73 g (9.8
nmol ) of a nmononer (c8), 4.00 g (9.8 mml) of a nononer
(c9), 0.225 g (0.98 mml) of dinmethyl 2,2-azobis(2-
met hyl propi onate), and 15.0 g of PGVEA was added

o] %Z

(R7)

dropwi se thereto over 4 hours. The m xture was further
heated and stirred for 16 hours, and then cooled to room
tenperature to obtain a PGVEA sol ution of a target
polymer (R7). As a result of analysis, the polymer (R7)
had a wei ght -average nol ecul ar wei ght (Mw) of 16300 and
a dispersity (Mwv M) of 1.62.

[ 0515]

[ Conparative Synthesis Exanple 8] Synthesis of

Conpar ati ve Conpound ( R8)

FULF O_o Na
Ffsl\/\/\/\/s\\
F O (R 8)

Under a nitrogen atnosphere, 10.0 g (29.35 mmol) of
a material (cl0) was uniformy dispersed in 400 m of
THF, and then 23.48 g (293.5 mml in ternms of sodi um
hydr oxi de) of a 50 wt % aqueous sodi um hydroxi de sol ution

was added dropw se and the m xture was reacted under
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reflux for 10 hours. After conpletion of the reaction,
65 g of a 20% aqueous salt solution was added while
cooling in an ice bath to make the |iquid acidic, and
then the organic |ayer was extracted with 200 m of

di i sopropyl ether and washed with pure water five tines.
The organic |layer was coll ected and evaporated to
dryness under reduced pressure. Then, 100 m of ethano
was added to disperse residue again; 28.2 g of 50%

sodi um hydroxi de aqueous solution (corresponding to
352.2 mmol in terms of sodium hydroxi de) was added, and
the m xture was heated and stirred at 100° C. for 1
hour; and crystals were precipitated while stirring the
m xture in an ice bath. The precipitated crystals were
filtered off, washed twice with 100 m of ethanol, and
then collected and dried at 40°C to obtain a conparative
conpound (R8).

[ 0516]

[ Resin or Conpound for Form ng Organic Film

Al: Resin represented by the following formula (Al)

A2: Resin represented by the following formula (A2)

A3: Compound represented by the follow ng fornula (A3)
A4: Compound represented by the follow ng fornula (A4)
A5: Resin represented by the foll ow ng fornmula (A5)

A6: Resin represented by the followi ng formula (A6)

[ 0517]

Hox/ g -~ /
=0, -
(A1)

G0
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[0518]
AN
ISP

%C@imz} (A2)

[ 0519]

(A 3)

(A4)
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[ 0522]

[ 0523]
[ Sol vent s]
(Cl): Propylene glycol nononmethyl ether acetate
(C2): Propylene glycol nonoethyl ether
[ 0524]
[ Preparation of Conpositions (UDL-1 to -138 and
Conparative UDL-1 to -26) for Formng Organic Film

Each of the polyners (Al) to (A29) and (R1l) to
(R7), the conpound (R8) for Conparative Exanple, the
resins (Cl) to (C6) for formng an organic film and the
sol vent, which are described above, were dissolved at
the ratios shown in Tables 1-1 to 1-6. The m xture was
filtered through a 0.l1-um filter made of a fluorinated
resin to prepare each of the materials for form ng an
organic film (resist underlayer filmmaterials: UDL-1 to
-138 and conparative UDL-1 to -26).
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[ 0525]
[ Tabl e 1-1]
Resi n
for form ng Pol yner Sol vent 1 Sol vent 2
Conposition for organic film
forming organic film Part Par t Par t Part
Type by Type by Type by Type by
mass Mass Mass mass
UDL- 1 (AL) 10.00 | (B1) | 0.10 | (C1) | 89.90
UDL- 2 (AL) 10.00 | (B2) | 0.10 | (C1) | 89.90
UDL- 3 (AL) 10.00 | (B3) | 0.10 | (C1) | 89.90
UDL- 4 (AL) 10. 00 (B4) |0.10 | (C1) | 89.90
UDL- 5 (AL) 10. 00 (B5) | 0.10 | (C1) | 89.90
UDL- 6 (AL) 10.00 | (B6) | 0.10 | (Cl) | 89.90
uDL- 7 (AL) 10.00 | (B7) | 0.10 | (Cl) | 89.90
UDL- 8 (AL) 10. 00 (B8) | 0.10 | (C1) | 89.90
UDL- 9 (AL) 10. 00 (B9) |0.10 | (C1) | 89.90
UDL- 10 (AL) 10.00 | (B10) | 0.10 | (C1) | 89.90
UDL- 11 (AL) 10.00 | (B11) | 0.10 | (C1) | 89.90
UDL- 12 (AL) 10.00 | (B12) | 0.10 | (C1) | 89.90
UDL- 13 (AL) 10.00 | (B13) | 0.10 | (C1) | 89.90
UDL- 14 (AL) 10.00 | (B14) | 0.10 | (C1) | 89.90
UDL- 15 (AL) 10.00 | (B15) | 0.10 | (C1) | 89.90
UDL- 16 (AL) 10.00 | (B16) | 0.10 | (Cl) | 89.90
UDL- 17 (AL) 10.00 | (B17) | 0.10 | (C1) | 89.90
UDL- 18 (AL) 10.00 | (B18) | 0.10 | (C1) | 89.90
UDL- 19 (A1) | 10.000 | (B19) | 0.10 | (C1) | 89.90
UDL- 20 (AL) 10.00 | (B20) | 0.10 | (C1) | 89.90
UDL- 21 (AL) 10.00 | (B21) | 0.10 | (C1) | 89.90
UDL- 22 (AL) 10.00 | (B22) | 0.10 | (Cl) | 89.90
UDL- 23 (AL) 10.00 | (B23) | 0.10 | (C1) | 89.90
UDL- 24 (AL) 10.00 | (B24) | 0.10 | (C1) | 89.90
UDL- 25 (AL) 10.00 | (B25) | 0.10 | (C1) | 89.90
UDL- 26 (AL) 10.00 | (B26) | 0.10 | (Cl) | 89.90
UDL- 27 (AL) 10.00 | (B27) | 0.10 | (C1) | 89.90
UDL- 28 (AL) 10.00 | (B28) | 0.10 | (C1) | 89.90
UDL- 29 (AL) 10.00 | (B29) | 0.10 | (C1) | 89.90
UDL- 30 (AL) 10.00 | (B3) | 0.10 | (Cl) | 62.93 | (C2) | 26.97
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[ 0526]
[ Tabl e 1-2]
Resin for
form ng Pol yner Solvent 1 Sol vent 2
Conposition for organic film
forming organic film Part Part Part Part
Type by Type by Type by Type by
mass mass mass mass
UDL- 31 (Al) | 10.00 | (B9) 0.10 | (C1) | 62.93 | (C2) | 26.97
UDL- 32 (A1) | 10.00 | (B10) 0.10 | (C1) | 62.93 | (C2) | 26.97
UDL- 33 (A1) | 10.00 | (B11) 0.10 | (C1) | 62.93 | (C2) | 26.97
UDL- 34 (A1) | 10.00 | (B16) 0.10 | (Cl) | 62.93 | (C2) | 26.97
UDL- 35 (A1) | 10.00 | (B18) 0.10 | (Cl) | 62.93 | (C2) | 26.97
UDL- 36 (Al) | 10.00 | (B24) 0.10 | (C1) | 62.93 | (C2) | 26.97
UDL- 37 (Al) | 10.00 | (B29) 0.10 | (Cc1) | 62.93 | (C2) | 26.97
UDL- 38 (A1) | 10.00 | (B10) | 1.000 | (C1l) | 89.00
UDL- 39 (A1) | 10.00 | (B10) | 0.500 | (C1) | 89.50
UDL- 40 (A1) | 10.00 | (B10) | 0.001 | (C1) | 90.00
UDL- 41 (A2) | 10.00 | (B3) 0.10 | (c1) | 89.90
UDL- 42 (A2) | 10.00 | (B9) 0.10 | (c1) | 89.90
UDL- 43 (A2) | 10.00 | (B10) 0.10 | (C1) | 89.90
UDL- 44 (A2) | 10.00 | (B11) 0.10 | (C1) | 89.90
UDL- 45 (A2) | 10.00 | (B16) 0.10 | (C1) | 89.90
UDL- 46 (A2) | 10.00 | (B18) 0.10 | (c1) | 89.90
UDL- 47 (A2) | 10.00 | (B24) 0.10 | (c1) | 89.90
UDL- 48 (A2) | 10.00 | (B29) 0.10 | (C1) | 89.90
UDL- 49 (A3) | 10.00 | (B3) 0.10 | (C1) | 89.90
UDL- 50 (A3) | 10.00 | (B9) 0.10 | (c1) | 89.90
UDL- 51 (A3) | 10.00 | (B10) 0.10 | (c1) | 89.90
UDL- 52 (A3) | 10.00 | (B11) 0.10 | (c1) | 89.90
UDL- 53 (A3) | 10.00 | (B16) 0.10 | (C1) | 89.90
UDL- 54 (A3) | 10.00 | (B18) 0.10 | (C1) | 89.90
UDL- 55 (A3) | 10.00 | (B24) 0.10 | (c1) | 89.90
UDL- 56 (A3) | 10.00 | (B29) 0.10 | (c1) | 89.90
UDL- 57 (A4) | 10.00 | (B3) 0.10 | (c1) | 89.90
UDL- 58 (A4) | 10.00 | (B9) 0.10 | (C1) | 89.90
UDL- 59 (A4) | 10.00 | (B10) 0.10 | (C1) | 89.90
UDL- 60 (A4) | 10.00 | (B11) 0.10 | (c1) | 89.90

[ 0527]
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[ Tabl e 1-3]
Resin for
form ng Pol ymer Sol vent 1 Sol vent 2
Conposition for form ng organic film
organic film Par t Par t Par t Par t
Type by Type by Type by Type by
mass mass mass mass
UDL- 61 (A4) 10. 00 (B16) 0.10 | (C1) 89. 90
UDL- 62 (A4) 10. 00 (B18) 0.10 | (C1) 89. 90
UDL- 63 (A4) | 10.00 | (B24) | 0.10 | (C1) | 89.90
UDL- 64 (A4) | 10.00 | (B29) | 0.10 | (C1) | 89.90
UDL- 65 (A5) 10. 00 (B3) 0.10 | (C1) 89. 90
UDL- 66 (A5) 10. 00 (B9) 0.10 | (C1) 89. 90
UDL- 67 (A5) | 10.00 | (B10) | 0.10 | (C1) | 89.90
UDL- 68 (A5) | 10.00 | (B11) | 0.10 | (C1) | 89.90
UDL- 69 (A5) | 10.00 | (B16) | 0.10 | (C1) | 89.90
uDL- 70 (A5) 10. 00 (B18) 0.10 | (C1) 89. 90
uDL- 71 (A5) 10. 00 (B24) 0.10 | (C1) 89. 90
UDL- 72 (A5) | 10.00 | (B29) | 0.10 | (C1) | 89.90
UDL- 73 (A6) | 10.00 (B3) 0.10 | (C1) | 89.90
UDL- 74 (A6) | 10.00 (B9) 0.10 | (C1) | 89.90
UDL- 75 ( A6) 10. 00 (B10) 0.10 | (C1) 89.90
UDL- 76 ( A6) 10. 00 (B11) 0.10 | (C1) 89.90
UDL- 77 (A6) | 10.00 | (B16) | 0.10 | (C1) | 89.90
UDL- 78 (A6) | 10.00 | (B18) | 0.10 | (C1) | 89.90
uDL- 79 ( A6) 10. 00 (B24) 0.10 | (C1) 89. 90
UDL- 80 ( A6) 10. 00 (B29) 0.10 | (C1) 89. 90
UDL- 81 (A1) 25.00 (B1) 0.25 | (C1) 74.75
UDL- 82 (Al) | 25.00 (B2) 0.25 | (Cl) | 74.75
UDL- 83 (Al) | 25.00 (B3) 0.25 | (Cl) | 74.75
UDL- 84 (A1) 25.00 (B4) 0.25 | (C1) 74.75
UDL- 85 (A1) 25.00 (B5) 0.25 | (C1) 74.75
UDL- 86 (A1) 25.00 (B6) 0.25 | (C1) 74.75
UDL- 87 (A1) | 25.00 (B7) 0.25 | (C1) | 74.75
UDL- 88 (A1) | 25.00 (B8) 0.25 | (C1) | 74.75
UDL- 89 (A1) 25.00 (B9) 0.25 | (C1) 74.75
UDL- 90 (A1) 25.00 (B10) 0.25 | (C1) 74.75
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[ 0528]
[ Tabl e 1-4]
Resin for
form ng Pol yner Solvent 1 Sol vent 2
Conposition for form ng organic film

organic film Par t Par t Par t Par t

Type by Type by Type by Type by

mass mass mass mass
UDL- 91 (A1) | 25.00 | (B11) | 0.25 | (C1) | 74.75
UDL- 92 (A1) | 25.00 | (B12) | 0.25 | (C1) | 74.75
UDL- 93 (A1) | 25.00 | (B13) | 0.25 | (C1) | 74.75
UDL- 94 (Al) | 25.00 | (B14) | 0.25 | (C1) | 74.75
UDL- 95 (Al) | 25.00 | (B15) | 0.25 | (C1) | 74.75
UDL- 96 (Al) | 25.00 | (B16) | 0.25 | (C1) | 74.75
UDL- 97 (A1) | 25.00 | (B17) | 0.25 | (C1) | 74.75
UDL- 98 (Al) | 25.00 | (B18) | 0.25 | (C1) | 74.75
UDL- 99 (Al) | 25.00 | (B19) | 0.25 | (C1) | 74.75
UDL- 100 (Al) | 25.00 | (B20) | 0.25 | (C1) | 74.75
UDL- 101 (A1) | 25.00 | (B21) | 0.25 | (C1) | 74.75
UDL- 102 (A1) | 25.00 | (B22) | 0.25 | (C1) | 74.75
UDL- 103 (Al) | 25.00 | (B23) | 0.25 | (C1) | 74.75
UDL- 104 (Al) | 25.00 | (B24) | 0.25 | (C1) | 74.75
UDL- 105 (Al) | 25.00 | (B25) | 0.25 | (C1) | 74.75
UDL- 106 (Al) | 25.00 | (B26) | 0.25 | (C1) | 74.75
UDL- 107 (A1) | 25.00 | (B27) | 0.25 | (C1) | 74.75
UDL- 108 (Al) | 25.00 | (B28) | 0.25 | (C1) | 74.75
UDL- 109 (Al) | 25.00 | (B29) | 0.25 | (C1) | 74.75
UDL- 110 (AL) 1.50 (B1) 0.02 | (C1) | 98.49
UDL- 111 (AL) 1.50 (B2) 0.02 | (C1) | 98.49
UDL- 112 (AL) 1.50 (B3) 0.02 | (C1) | 98.49
UDL- 113 (Al) 1.50 (B4) 0.02 | (C1) | 98.49
UDL- 114 (Al) 1.50 (B5) 0.02 | (C1) | 98.49
UDL- 115 (AL) 1.50 (B6) 0.02 | (C1) | 98.49
UDL- 116 (AL) 1.50 (B7) 0.02 | (C1) | 98.49
UDL- 117 (AL) 1.50 (B8) 0.02 | (C1) | 98.49
UDL- 118 (Al) 1.50 (B9) 0.02 | (C1) | 98.49
UDL- 119 (Al) 1.50 (B10) | 0.02 | (C1) | 98.49
UDL- 120 (AL) 1.50 (B11) | 0.02 | (C1) | 98.49
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[ 0529]
[ Tabl e 1-5]
Resin for
form ng Pol yner Solvent 1 Sol vent 2
- . organic
Conposition for form ng film
organic film
Par t Part Par t Part
Type by Type by Type by Type by
mass mass mass mass
UDL- 121 (A1) 1.50 (B12) 0.02 (C1) 98. 49
UDL- 122 (A1) 1.50 (B13) 0.02 (C1) 98. 49
UDL- 123 (A1) 1.50 (B14) 0.02 (C1) 98. 49
UDL- 124 (Al) 1.50 (B15) 0. 02 (C1) 98. 49
UDL- 125 (A1) 1.50 (B16) 0.02 (C1) 98. 49
UDL- 126 (A1) 1.50 (B17) 0.02 (C1) 98. 49
UDL- 127 (A1) 1.50 (B18) 0.02 (C1) 98. 49
UDL- 128 (A1) 1.50 (B19) 0. 02 (C1) 98. 49
UDL- 129 (A1) 1.50 (B20) 0. 02 (C1) 98. 49
UDL- 130 (A1) 1.50 (B21) 0. 02 (C1) 98. 49
UDL- 131 (A1) 1.50 (B22) 0.02 (C1) 98. 49
UDL- 132 (A1) 1.50 (B23) 0.02 (C1) 98. 49
UDL- 133 (A1) 1.50 (B24) 0. 02 (C1) 98. 49
UDL- 134 (A1) 1.50 (B25) 0. 02 (C1) 98. 49
UDL- 135 (A1) 1.50 (B26) 0. 02 (C1) 98. 49
UDL- 136 (A1) 1.50 (B27) 0.02 (C1) 98. 49
UDL- 137 (A1) 1.50 (B28) 0.02 (C1) 98. 49
UDL- 138 (A1) 1.50 (B29) 0. 02 (C1) 98. 49
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[ 0530]
[ Tabl e 1-6]
Resin for
form ng Pol yner Solvent 1 Sol vent 2
Conposition for form ng organic film
organic film Part Part Part Part
Type by Type by Type by Type by
Mass mass Mass mass
Conparative UDL-1 (A1) 10.00 | (R1) | 0.10 | (c1) | 89.90
Conpar ative UDL-2 (A2) 10.00 | (R1) | 0.10 | (c1) | 89.90
Conpar ative UDL-3 (A3) 10.00 | (R1) | 0.10 | (c1) | 89.90
Conpar ative UDL-4 (A4) 10. 00 (R1) 0.10 | (C1) 89. 90
Conpar ative UDL-5 (A5) 10. 00 (R1) 0.10 | (C1) 89. 90
Conpar ative UDL-6 ( AB) 10.00 | (R1) | 0.10 | (c1) | 89.90
Conpar ative UDL-7 (A1) 10.00 | (R2) | 0.10 | (c1) | 89.90
Conpar ative UDL-8 (A1) 10. 00 (R3) 0.10 | (C1) 89. 90
Conpar ative UDL-9 (A1) 10. 00 (R4) 0.10 | (C1) 89. 90
Conpar ative UDL-10 (A1) 10. 00 (R5) 0.10 | (C1) 89. 90
Conpar ative UDL-11 (A1) 10. 00 (R6) 0.10 | (C1) 89. 90
Comparative UDL-12 (A1) 10.00 | (R7) | 0.10 | (c1) | 89.90
Comparative UDL-13 (A1) 10.00 | (R8) | 0.10 | (c1) | 89.90
Conpar ative UDL-14 (A1) 10. 00 (c1) 90. 00
Conpar ative UDL-15 (A2) 10. 00 (C1) 90. 00
Comparative UDL-16 (A3) 10. 00 (c1) | 90.00
Comparative UDL-17 (A4) 10. 00 (c1) | 90.00
Comparative UDL-18 ( A5) 10. 00 (c1) | 90.00
Conpar ative UDL-19 (A6) 10. 00 (c1) 90. 00
Conpar ative UDL-20 (A1) 1.50 (R1) 0.02 | (C1) 98. 49
Comparative UDL-21 (A1) 1.50 (R2) | 0.02 | (C1) | 98.49
Comparative UDL-22 (A1) 1.50 (R3) | 0.02 | (C1) | 98.49
Conpar ative UDL-23 (A1) 1.50 (R4) 0.02 | (C1) 98. 49
Conpar ative UDL-24 (A1) 1.50 (R5) 0.02 | (C1) 98. 49
Conpar ative UDL-25 (A1) 1.50 (R6) 0.02 | (C1) 98. 49
Comparative UDL-26 (A1) 1.50 (R7) | 0.02 | (C1) | 98.49
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[ 0531]
[ Preparation of Silicon Wafers Having Organic Cured Film
Formed Thereon by Using Conpositions (UDL-1 to -109 and
Conparative UDL-1 to -19) for Form ng Organic Film

Using a coater/devel oper “CLEAN TRACK LI THIUS Pro
AP” of Tokyo Electron Ltd., each of the conpositions
(UDL-1 to -109 and conparative UDL-1 to -19) for formng
an organic film prepared above was respectively
di scharged in an anount of 2 ml onto a 300 mmsilicon
wafer at the center. Then, the wafer was rotated at a
rotational rate at which the average fil mthickness was
as shown in Tables 2-1 to 2-5 after baking to spread the
conposition and forma film While rotating the silicon
wafer at a rate of 1000 rpm the renover-discharging
nozzl e was noved at a speed of 5 nmm's fromthe periphery
of the silicon wafer to a position 3 mmfromthe center
whil e di scharging a renover (m xed sol ution of propylene
gl ycol nononet hyl ether acetate and propyl ene glycol
nonomet hyl ether (30:70, mass ratio)) at a discharge
rate of 2 m/s, and the renover was further discharged
at that position for 5 seconds at a discharge rate of 2
m/s. After that, the discharging of the discharged
liquid was term nated, and the silicon wafer was further
rotated at a rate of 1000 rpm for 30 seconds. Next, the
silicon wafer having a filmfornmed by using the
conposition for formng an organic film above was heated
at 350°C for 60 seconds. Thus, silicon wafers having an
organic cured filmwere obtained.
[ 0532]
[ Resi stance to Sol vent Evaluation: Exanples 1-1 to 1-109
and Conparative Exanples 1-1 to 1-19]

Afilmwas formed on a silicon wafer by the above-
descri bed nmet hod by using each of the conpositions (UDL-
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1 to -109 and conparative UDL-1 to -19) for form ng an
organic film and the filmthickness of the film was
measur ed. Subsequently, a PGVEA sol vent was di spensed

t hereon, left to stand for 30 seconds, spin-dried, and
baked at 100°C for 60 seconds to evaporate the PGVEA,
and then the filmthickness was neasured. The absol ute
val ue of the value determ ned by (X;-X)/ X x 100 was
obtained as a filmthickness change rate (%, where X is
the filmthickness before dispensing the PGVEA sol vent
and X; is the filmthickness after the PGVEA sol vent was
di spensed. VWhen the filmthickness change rate was

| ower than 0.5% the conposition was eval uated as
“Good”, and when 0.5% or higher, “Poor”.

[ 0533]

[In-Plane Uniformty Evaluation: Exanmples 1-1 to 1-109
and Conparative Exanples 1-1 to 1-19]

Afilmwas formed on a silicon wafer by the above-
descri bed nethod by using each of the conpositions (UDL-
1 to -109 and conparative UDL-1 to -19) for form ng an
organic film and the filmthickness of the organic
cured filmwas neasured at 225 concentric points within
a radius of 145 mmfromthe wafer center by optical film
t hi ckness gauge. The val ue deterni ned by ( Xmax-
Xnin) | Xaverage Was obtained as in-plane uniformty (9%,
where Xmx i S the maxi mum val ue of the filmthickness,
Xnin 1S the m nimum value of the filmthickness, and
Xaverage 1S the average filmthickness. When the in-plane
uniformty was |l ess than 2% the conposition was
eval uated as A (good), when 2% or nore to |less than 3%

B, and when 3% or nore, C (poor).
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[ 0534]
[ Tabl e 2-1]
Conposition Aver age .
AR IRV R P
Example 1-1 UDL- 1 500 nm Good A
Exampl e 1-2 UDL- 2 500 nm Good A
Exampl e 1-3 UDL- 3 500 nm Good A
Exampl e 1-4 UDL- 4 500 nm Good A
Exampl e 1-5 UDL- 5 500 nm Good A
Exanple 1-6 UDL- 6 500 nm Good A
Exanple 1-7 ubL- 7 500 nm Good A
Exanple 1-8 UDL- 8 500 nm Good A
Exanple 1-9 UDL- 9 500 nm Good A
Exanmpl e 1-10 UDL- 10 500 nm Good A
Exanmple 1-11 UDL- 11 500 nm Good A
Exanpl e 1-12 UDL- 12 500 nm Good A
Exanpl e 1-13 UDL- 13 500 nm Good A
Exanpl e 1-14 UDL- 14 500 nm Good A
Exanpl e 1-15 UDL- 15 500 nm Good A
Exanpl e 1-16 UDL- 16 500 nm Good A
Exanpl e 1-17 UDL- 17 500 nm Good A
Exanpl e 1-18 UDL- 18 500 nm Good A
Exanpl e 1-19 UDL- 19 500 nm Good A
Exanpl e 1-20 UDL- 20 500 nm Good A
Exanmpl e 1-21 UDL- 21 500 nm Good A
Exanpl e 1-22 UDL- 22 500 nm Good A
Exanpl e 1-23 UDL- 23 500 nm Good A
Exanpl e 1-24 UDL- 24 500 nm Good A
Exanpl e 1-25 UDL- 25 500 nm Good A
Exanpl e 1-26 UDL- 26 500 nm Good A
Exanpl e 1-27 UDL- 27 500 nm Good A
Exanpl e 1-28 UDL- 28 500 nm Good A
Exanpl e 1-29 UDL- 29 500 nm Good A
Exanpl e 1-30 UDL- 30 500 nm Good A
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[ 0535]
[ Tabl e 2-2]
Conposition Aver age .
AR IRV R P
Exanpl e 1-31 UDL- 31 500 nm Good A
Exanpl e 1-32 UDL- 32 500 nm Good A
Exanpl e 1-33 UDL- 33 500 nm Good A
Exanpl e 1-34 UDL- 34 500 nm Good A
Exanpl e 1-35 UDL- 35 500 nm Good A
Exanpl e 1-36 UDL- 36 500 nm Good A
Exanpl e 1-37 UDL- 37 500 nm Good A
Exanpl e 1-38 UDL- 38 500 nm Good B
Exanpl e 1-39 UDL- 39 500 nm Good A
Exanpl e 1-40 UDL- 40 500 nm Good B
Exanpl e 1-41 UDL- 41 500 nm Good A
Exanpl e 1-42 UDL- 42 500 nm Good A
Exanpl e 1-43 UDL- 43 500 nm Good A
Exanpl e 1-44 UDL- 44 500 nm Good A
Exanpl e 1-45 UDL- 45 500 nm Good A
Exanpl e 1-46 UDL- 46 500 nm Good A
Exanpl e 1-47 UDL- 47 500 nm Good A
Exanpl e 1-48 UDL- 48 500 nm Good A
Exanpl e 1-49 UDL- 49 500 nm Good A
Exanpl e 1-50 UDL- 50 500 nm Good A
Exanpl e 1-51 UDL- 51 500 nm Good A
Exanpl e 1-52 UDL- 52 500 nm Good A
Exanpl e 1-53 UDL- 53 500 nm Good A
Exanpl e 1-54 UDL- 54 500 nm Good A
Exanpl e 1-55 UDL- 55 500 nm Good A
Exanpl e 1-56 UDL- 56 500 nm Good A
Exanpl e 1-57 UDL- 57 500 nm Good A
Exanpl e 1-58 UDL- 58 500 nm Good A
Exanpl e 1-59 UDL- 59 500 nm Good A
Exanpl e 1-60 UDL- 60 500 nm Good A

[ 0536]
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[ Tabl e 2- 3]
?gpp??rm 23 A\;eirlangq;e Resi stance | In-plane
organic film t hi ckness to solvent | uniformty
Exanpl e 1-61 UDL- 61 500 nm Good A
Exanpl e 1-62 UDL- 62 500 nm Good A
Exanpl e 1-63 UDL- 63 500 nm Good A
Exanpl e 1-64 UDL- 64 500 nm Good A
Exanpl e 1-65 UDL- 65 500 nm Good A
Exanpl e 1-66 UDL- 66 500 nm Good A
Exanpl e 1-67 UDL- 67 500 nm Good A
Exanpl e 1-68 UDL- 68 500 nm Good A
Exanpl e 1-69 UDL- 69 500 nm Good A
Exanmpl e 1-70 UDL- 70 500 nm Good A
Exanmple 1-71 UDL- 71 500 nm Good A
Exanmpl e 1-72 UDL- 72 500 nm Good A
Exanpl e 1-73 UDL- 73 500 nm Good A
Exanpl e 1-74 UDL- 74 500 nm Good A
Exanpl e 1-75 UDL- 75 500 nm Good A
Exanpl e 1-76 UDL- 76 500 nm Good A
Exanpl e 1-77 ubDL- 77 500 nm Good A
Exanpl e 1-78 UDL- 78 500 nm Good A
Exanpl e 1-79 UDL- 79 500 nm Good A
Exanpl e 1-80 UDL- 80 500 nm Good A
Exanpl e 1-81 UDL- 81 1000 nm Good A
Exanpl e 1-82 UDL- 82 1000 nm Good A
Exanpl e 1-83 UDL- 83 1000 nm Good A
Exanpl e 1-84 UDL- 84 1000 nm Good A
Exanpl e 1-85 UDL- 85 1000 nm Good A
Exanpl e 1-86 UDL- 86 1000 nm Good A
Exanpl e 1-87 UDL- 87 1000 nm Good A
Exanpl e 1-88 UDL- 88 1000 nm Good A
Exanpl e 1-89 UDL- 89 1000 nm Good A
Exanpl e 1-90 UDL- 90 1000 nm Good A
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[ 0537]
[ Tabl e 2-4]
Conposition Aver age .
fodermne | | S |l
Exanpl e 1-91 UDL- 91 1000 nm Good A
Exanpl e 1-92 UDL- 92 1000 nm Good A
Exanpl e 1-93 UDL- 93 1000 nm Good A
Exanpl e 1-94 UDL- 94 1000 nm Good A
Exanpl e 1-95 UDL- 95 1000 nm Good A
Exanpl e 1-96 UDL- 96 1000 nm Good A
Exanpl e 1-97 UDL- 97 1000 nm Good A
Exanpl e 1-98 UDL- 98 1000 nm Good B
Exanpl e 1-99 UDL- 99 1000 nm Good A
Exanpl e 1-100 UDL- 100 1000 nm Good A
Exanpl e 1-101 UDL- 101 1000 nm Good A
Exampl e 1-102 UDL- 102 1000 nm Good A
Exampl e 1-103 UDL- 103 1000 nm Good A
Exampl e 1-104 UDL- 104 1000 nm Good A
Exampl e 1-105 UDL- 105 1000 nm Good A
Exampl e 1-106 UDL- 106 1000 nm Good A
Exampl e 1-107 UDL- 107 1000 nm Good A
Exanpl e 1-108 UDL- 108 1000 nm Good A
Exanpl e 1-109 UDL- 109 1000 nm Good A
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[ 0538]
[ Tabl e 2-5]
Conposition Aver age .
AR IRV R P

Conpar ative Exanple 1-1 Conpar ative UDL-1 500 nm Good A
Conpar ative Exanple 1-2 Conpar ati ve UDL-2 500 nm Good A
Conpar ative Exanple 1-3 Conpar ative UDL-3 500 nm Good A
Conpar ative Exanple 1-4 Conpar ative UDL-4 500 nm Good A
Conpar ative Exanple 1-5 Conpar ative UDL-5 500 nm Good A
Conpar ative Exanple 1-6 Conpar ative UDL-6 500 nm Good A
Conpar ative Exanple 1-7 Conpar ative UDL-7 500 nm Good A
Conmpar ative Exanple 1-8 Conpar ative UDL-8 500 nm Good A
Conmpar ative Exanple 1-9 Conpar ative UDL-9 500 nm Good A
Conpar ative Exanple 1-10 Conpar ative UDL-10 500 nm Good A
Conpar ative Exanple 1-11 Conparative UDL-11 500 nm Good A
Conpar ative Exanple 1-12 Conpar ative UDL-12 500 nm Good A
Conpar ative Exanple 1-13 Conpar ative UDL-13 500 nm Good C
Conpar ati ve Exanple 1-14 Conpar ative UDL-14 500 nm Good C
Conpar ati ve Exanple 1-15 Conpar ative UDL-15 500 nm Good C
Conpar ati ve Exanple 1-16 Conpar ative UDL-16 500 nm Good C
Conpar ative Exanple 1-17 Conpar ative UDL-17 500 nm Good C
Conpar ative Exanple 1-18 Conparative UDL-18 500 nm Good C
Conpar ative Exanple 1-19 Conpar ative UDL-19 500 nm Good C

[ 0539]

[ Hunp Suppression Property Evaluation: Exanples 2-1 to
2-109 and Conparative Exanples 2-1 to 2-12]

A filmwas formed on a silicon wafer by the above-
descri bed nethod by using each of the conpositions (UDL-
1 to -109 and conparative UDL-1 to -12) for form ng an
organic film and the variation in height was neasured
fromthe peripheral edge of the organic filmtowards the
center of the silicon wafer to the position of 1000 um
by using Alpha—-Step D-600 (a stylus profiler)
manuf act ured by KLA TENCOR. The height at the silicon
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waf er was defined to be 0, and when the maxi mum hei ght
of the filmwas |l ess than 110% of the filmthickness as
shown in FIG 1, the conposition was evaluated as A
(good), when the maxi mum hei ght was 110% or nore and

| ess than 150% as B, and when a region where the height
was 150% or nore occurred as shown in FIG 2, as C
(poor).

[ 0540]

[Filling Property Evaluation-1: Exanples 2-1 to 2-109
and Conparative Exanples 2-1 to 2-12]

As shown in FIG 4, a filmwas formed on an Si &
waf er substrate having a dense hole pattern (hole
diameter: 0.2 um, hole depth: 1.0 um, distance between
the centers of two adjacent holes: 0.4 um) by using each
of the compositions (UDL-1 to -109 and conparative UDL-1
to -12) for formng an organic filmrespectively
according to the above-descri bed nethod, thus a resist
underlayer film8 was formed. The substrate used was a
base substrate (Si & wafer substrate) 7 having the dense
hol e pattern shown in FIG 4 (G (downward view) and (H)
(cross-sectional view). The cross-sectional shape of
each of the obtained wafer substrates was observed using
a scanni ng electron m croscope (SEM, and it was checked
whet her or not the inside of the holes was filled with
the resist underlayer filmwthout a gap. Wen a resi st
underl ayer filmmaterial having poor filling property is
used, a gap is generated inside the hole. Wen a resist
underl ayer film material having a desirable filling
property is used, the inside of the holes is filled with
the resist underlayer filmwthout a gap in this
eval uation, as shown in FIG 4 (1). Wen no gap was
generated, the conposition was eval uated as “Good”, and

when a gap was generated, as “Poor”.
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[ 0541]
[Filling Property Eval uation-2: Exanples 2-81 to -109]
As shown in FIG 4, a filmwas fornmed on an Si &
waf er substrate having a dense hole pattern (hole
diameter: 0.2 um, hole depth: 2.0 um, distance between
the centers of two adjacent holes: 0.4 um) by using each
of the conmpositions (UDL-81 to -109) for form ng an
organic filmrespectively according to the above-
descri bed nmethod, thus a resist underlayer film8 was
formed. The substrate used was a base substrate (Si O
waf er substrate) 7 having the dense hole pattern shown
in FIG 4 (G (downward view) and (H) (cross-sectional
view). The cross-sectional shape of each of the
obt ai ned wafer substrates was observed using a scanning
el ectron mcroscope (SEM, and it was checked whet her or
not the inside of the holes was filled with the resist
underlayer filmw thout a gap. When a resist underl ayer
filmmaterial having poor filling property is used, a
gap is generated inside the hole. Wen a resist
underl ayer film material having a desirable filling
property is used, the inside of the holes is filled with
the resist underlayer filmwthout a gap in this
eval uation, as shown in FIG 4 (1). Wen no gap was
generated, the conposition was eval uated as “Good”, and
when a gap was generated, as “Poor”. Incidentally, in
order to evaluate the superiority or inferiority of the
filling property, this evaluation was perfornmed under
strict evaluation conditions in which a void is nore

likely to occur than the filling property eval uation-1.
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[ 0542]

[ Silicon-Containing Resist Mddle Layer Film Coating
Property Eval uati on: Exanples 2-1 to -109 and

Conpar ative Exanples 2-1 to -12]

An organic cured filmwas formed respectively on a
silicon wafer substrate by using each of the
conpositions (UDL-1 to -109 and conparative UDL-1 to -
12) for formng an organic filmby the above-described
met hod, the silicon-containing resist mddle |ayer film
mat eri al (SOGl) descri bed bel ow was applied thereon, and
baki ng was perforned at 200°C for 60 seconds to forma
silicon-containing resist mddle layer film Then, the
condition of the coating filmof the silicon-containing
resist mddle layer filmwas visually observed and
eval uated. When the condition of the coating film was
good, it was judged as good, and when a pinhol e was
generated, it was judged as poor. Incidentally, in
order to evaluate the superiority or inferiority of the
coatability of the silicon-containing resist mddle
|l ayer film this evaluation was performed under speci al
strict evaluation conditions in which the filmthickness
of the silicon-containing resist mddle |ayer filmwas 5
nm
[ 0543]

The silicon-containing resist mddle layer film
material (SOGL) was prepared by dissolving a pol ymer
(SP1), a crosslinking catalyst, and an acid in an
organi c solvent and water at the ratios shown in Table
3, and filtering the solution with a 0.l1-um fluororesin

filter.
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[ 0544]
[ Tabl e 3]
Cr ossl i nki ng . Organi c
Pol ymrer cat al yst Acid sol vent vat er
(part by (part by (part by
mass) (part by mass) (part by mass)
mass) mass)
soGL sP1 TIMPANO; Ngthc PGEE Vat er
(100) (1) (1) (44100) (4900)

PGEE: Propyl ene gl ycol nonoethyl ether

[ 0545]
The polymer (SP1l) is shown bel ow

CHs

|
—{—si0; 5 }5 (—Si0; 5 }45 ( s|02H5

SP1

[ 0546]
TMPANQO3: Tri met hyl phenyl anmonium nitrate
PGEE: Propyl ene glycol ethyl ether




285

[ 0547]
[ Tabl e 4-1]
Silicon-
Conposi ti on Hump Filling Filling recsoinsttaigid”d% .
for forming | suppression property property layer film
orfgia;nrlnc e\r/);IoEZtritgn eval ulatl on | eval u2at| on coating
property
eval uation

Exanmple 2-1 UDL- 1 A Good - Good
Exanmpl e 2-2 UDL- 2 A Good - Good
Exanmpl e 2-3 uDL- 3 A Good - Good
Exanple 2-4 UDL- 4 A Good - Good
Exanmpl e 2-5 UDL- 5 A Good - Good
Exanmpl e 2-6 UDL- 6 A Good - Good
Exampl e 2-7 UDL- 7 A Good - Good
Exanmpl e 2-8 UDL- 8 A Good - Good
Exanmpl e 2-9 UDL- 9 A Good - Good
Exanmpl e 2-10 UDL- 10 A Good - Good
Exampl e 2-11 UDL- 11 A Good - Good
Exampl e 2-12 UDL- 12 A Good - Good
Exanpl e 2-13 UDL- 13 A Good - Good
Exanpl e 2-14 UDL- 14 A Good - Good
Exanmpl e 2-15 UDL- 15 A Good - Good
Exanmpl e 2-16 UDL- 16 A Good - Good
Exampl e 2-17 uDL- 17 A Good - Good
Exanpl e 2-18 UDL- 18 A Good - Good
Exanpl e 2-19 UDL- 19 A Good - Good
Exanmpl e 2-20 UDL- 20 A Good - Good
Exampl e 2-21 UDL- 21 A Good - Good
Exanpl e 2-22 UDL- 22 A Good - Good
Exanpl e 2-23 UDL- 23 A Good - Good
Exanpl e 2-24 UDL- 24 A Good - Good
Exanmpl e 2-25 UDL- 25 A Good - Good
Exanmpl e 2-26 UDL- 26 A Good - Good
Exanpl e 2-27 uDL- 27 A Good - Good
Exanpl e 2-28 UDL- 28 A Good - Good
Exanpl e 2-29 UDL- 29 A Good - Good
Exanmpl e 2-30 UDL- 30 A Good - Good
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[ 0548]
[ Tabl e 4-2]
Silicon-
Conposi ti on Hump Filling Filling recsoinsttaigid”d% .
for forming | suppression property property layer film
orfgia;nrlnc e\r/);IoEZtritgn eval ulatl on | eval u2at| on coating
property
eval uation

Exampl e 2-31 UDL- 31 A Good - Good
Exanmpl e 2-32 UDL- 32 A Good - Good
Exanpl e 2-33 UDL- 33 A Good - Good
Exanpl e 2-34 UDL- 34 A Good - Good
Exanpl e 2-35 UDL- 35 A Good - Good
Exanmpl e 2- 36 UDL- 36 A Good - Good
Exanmpl e 2-37 uDL- 37 A Good - Good
Exanpl e 2-38 UDL- 38 A Good - Good
Exanpl e 2-39 UDL- 39 A Good - Good
Exanmpl e 2-40 UDL- 40 A Good - Good
Exanmpl e 2-41 UDL- 41 A Good - Good
Exanmpl e 2-42 UDL- 42 A Good - Good
Exanpl e 2-43 UDL- 43 A Good - Good
Exanpl e 2-44 UDL- 44 A Good - Good
Exanmpl e 2-45 UDL- 45 A Good - Good
Exanmpl e 2- 46 UDL- 46 A Good - Good
Exanmpl e 2-47 UDL- 47 A Good - Good
Exanpl e 2-48 UDL- 48 A Good - Good
Exanpl e 2-49 UDL- 49 A Good - Good
Exanmpl e 2-50 UDL- 50 A Good - Good
Exanmpl e 2-51 UDL- 51 A Good - Good
Exanpl e 2-52 UDL- 52 A Good - Good
Exanpl e 2-53 UDL- 53 A Good - Good
Exanpl e 2-54 UDL- 54 A Good - Good
Exanmpl e 2-55 UDL- 55 A Good - Good
Exanmpl e 2-56 UDL- 56 A Good - Good
Exanpl e 2-57 UDL- 57 A Good - Good
Exanpl e 2-58 UDL- 58 A Good - Good
Exanpl e 2-59 UDL- 59 A Good - Good
Exanmpl e 2-60 UDL- 60 A Good - Good
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[ 0549]
[ Tabl e 4- 3]
Silicon-
Conposition Hunp Filling Filling cqntai n.i ng
for for_m' ng | suppression properFy properFy rel‘salysetr Tidlere
organi c properFy eval uation eval uati on coating
film eval uati on 1 2 property
eval uati on

Exanpl e 2-61 UDL- 61 A Good - Good
Exanpl e 2-62 UDL- 62 A Good - Good
Exanpl e 2-63 UDL- 63 A Good - Good
Exanpl e 2-64 UDL- 64 A Good - Good
Exanpl e 2-65 UDL- 65 A Good - Good
Exanpl e 2-66 UDL- 66 A Good - Good
Exanpl e 2-67 UDL- 67 A Good - Good
Exanpl e 2-68 UDL- 68 A Good - Good
Exanpl e 2-69 UDL- 69 A Good - Good
Exanpl e 2-70 UDL- 70 A Good - Good
Exanple 2-71 UDL- 71 A Good - Good
Exanmpl e 2-72 UDL- 72 A Good - Good
Exanpl e 2-73 UDL- 73 A Good - Good
Exanmpl e 2-74 UDL- 74 A Good - Good
Exanpl e 2-75 UDL- 75 A Good - Good
Exanpl e 2-76 UDL- 76 A Good - Good
Exanmpl e 2-77 ubL- 77 A Good - Good
Exanpl e 2-78 UDL- 78 A Good - Good
Exanpl e 2-79 UDL- 79 A Good - Good
Exanpl e 2-80 UDL- 80 A Good - Good
Exanpl e 2-81 UDL- 81 A Good Poor Good
Exanpl e 2-82 UDL- 82 A Good Poor Good
Exanpl e 2-83 UDL- 83 A Good Poor Good
Exanpl e 2-84 UDL- 84 A Good Poor Good
Exanpl e 2-85 UDL- 85 A Good Poor Good
Exanpl e 2-86 UDL- 86 A Good Poor Good
Exanpl e 2-87 UDL- 87 A Good Poor Good
Exanpl e 2-88 UDL- 88 A Good Poor Good
Exanpl e 2-89 UDL- 89 A Good Poor Good
Exanpl e 2-90 UDL- 90 A Good Poor Good
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[ 0550]
[ Tabl e 4-4]
Silicon-
Conposition Hunp Filling Filling cqnt al n.' ng
. . resist mddle
for form ng | suppression property property laver film
organic property eval uation | evaluation yer
. . coating
film eval uati on 1 2
property
eval uation
Exanpl e 2-91 UDL- 91 A Good Poor Good
Exanpl e 2-92 UDL- 92 A Good Poor Good
Exanpl e 2-93 UDL- 93 A Good Good Good
Exanpl e 2-94 UDL- 94 A Good Good Good
Exanpl e 2-95 UDL- 95 A Good Good Good
Exanpl e 2-96 UDL- 96 A Good Good Good
Exanpl e 2-97 UDL- 97 A Good Poor Good
Exanpl e 2-98 UDL- 98 A Good Poor Good
Exanpl e 2-99 UDL- 99 A Good Poor Good
Exanpl e 2-100 UDL- 100 A Good Poor Good
Exampl e 2-101 UDL- 101 A Good Poor Good
Exampl e 2-102 UDL- 102 A Good Poor Good
Exampl e 2-103 UDL- 103 A Good Poor Good
Exampl e 2-104 UDL- 104 A Good Poor Good
Exampl e 2-105 UDL- 105 A Good Poor Good
Exampl e 2-106 UDL- 106 A Good Poor Good
Exanpl e 2-107 UDL- 107 A Good Poor Good
Exanpl e 2-108 UDL- 108 A Good Poor Good
Exanpl e 2-109 UDL- 109 A Good Poor Good
Conpar ative Conpar ative )
Exanpl e 2-1 UDL- 1 C Poor Poor
Conpar ative Conpar ative )
Exanpl e 2-2 UDL- 2 € Poor Poor
Conpar ative Conmpar ative
Exanpl e 2-3 UDL- 3 c Poor Poor
Conpar ative Conpar ative )
Exanpl e 2-4 UDL- 4 € Poor Poor
Conpar ative Conpar ative
Exanpl e 2-5 UDL- 5 € Poor - Poor
Conpar ative Conpar ative )
Exanple 2-6 UDL- 6 € Poor Poor
Conpar ative Conmpar ative )
Exanple 2-7 UDL- 7 c Poor Poor
Conpar ative Conpar ative )
Exanpl e 2-8 UDL- 8 C Poor Poor
Conpar ative Conpar ative )
Exanpl e 2-9 UDL- 9 c Poor Poor
Conpar ative Conmpar ative
Exanpl e 2- 10 UDL- 10 A Poor Poor
Conpar ative Conpar ative )
Exanpl e 2-11 UDL- 11 c Poor Poor
Conpar ative Conmparative
Exanpl e 2-12 UDL- 12 B Poor - Poor
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[ 0551]

As shown in Tables 2-1 to -5 and Tables 4-1 to -4,
it was confirmed that the inventive conposition (UDL-1
to -109) for formng an organic filmis excellent in
resi stance to solvent, in-plane uniformty, hunp
suppression property, filling property, and coatability
of a silicon-containing resist underlayer film
[ 0552]

[ Coatability Evaluation of Organic Thin Film Exanples
3-1 to -29 and Conparative Exanples 3-1 to -7]

The conposition (UDL-110 to -138 and conparative
UDL-20 to -26)for formng an organic filmwas applied
onto a silicon wafer substrate and baked at 200°C for 60
seconds to forma 20 nmorganic film Then, the state
of the coating filmof the organic film was observed
using an optical mcroscope and eval uated. Wen the
condition of the coating filmwas good, it was judged as
“good”, and when a pinhole was generated, as “poor”.

I ncidentally, in order to evaluate the superiority or
inferiority of the coatability of the organic film this
eval uati on was performed under strict eval uation
conditions in which the filmthickness of the organic

filmwas 20 nm
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[ 0553]
[ Tabl e 5]
Conposition q'ganic thin
for formng film coating
organie 1im | e
Exanmple 3-1 UDL- 110 Good
Exanmpl e 3-2 UDL- 111 Good
Exanmpl e 3-3 UDL- 112 Good
Exanmpl e 3-4 UDL- 113 Good
Exanmpl e 3-5 UDL- 114 Good
Exanmpl e 3-6 UDL- 115 Good
Exampl e 3-7 UDL- 116 Good
Exanpl e 3-8 UDL- 117 Good
Exanmpl e 3-9 UDL- 118 Good
Exanmpl e 3-10 UDL- 119 Good
Exampl e 3-11 UDL- 120 Good
Exanmpl e 3-12 UDL- 121 Good
Exanpl e 3-13 UDL- 122 Good
Exanpl e 3-14 uDL- 123 Good
Exanpl e 3-15 UDL- 124 Good
Exanmpl e 3-16 UDL- 125 Good
Exampl e 3-17 UDL- 126 Good
Exanmpl e 3-18 UDL- 127 Good
Exanpl e 3-19 UDL- 128 Good
Exanpl e 3-20 uDL- 129 Good
Exanpl e 3-21 uUDL- 130 Good
Exanmpl e 3-22 UDL- 131 Good
Exanmpl e 3-23 UDL- 132 Good
Exanmpl e 3-24 UDL- 133 Good
Exanpl e 3-25 UDL- 134 Good
Exanpl e 3-26 UDL- 135 Good
Exanpl e 3-27 UDL- 136 Good
Exanmpl e 3-28 UDL- 137 Good
Exanmpl e 3-29 UDL- 138 Good
Conpar ati ve Exanmple 3-1 Conpar ati ve UDL-20 Poor
Conpar ative Exanple 3-2 Conpar ative UDL-21 Poor
Conpar ative Exanple 3-3 Conpar ative UDL-22 Poor
Conpar ative Exanple 3-4 Conpar ative UDL-23 Poor
Conpar ati ve Exanple 3-5 Conpar ati ve UDL-24 Poor
Conpar ati ve Exanple 3-6 Conpar ati ve UDL-25 Poor
Conpar ati ve Exanmple 3-7 Conpar ati ve UDL-26 Poor
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[ 0554]

As shown in Table 5, it was confirned that the
I nventive conpositions (UDL-110 to -138) for form ng an
organic filmwere excellent in coatability.

[ 0555]
[Patterning Test: Exanples 4-1 to -80]

An organic cured filmwas fornmed respectively on an
SiO wafer substrate by using each of the conpositions
(UDL-1 to -80) for form ng an organic film according to
t he above-descri bed nmethod, the silicon-containing
resist mddle layer filmmaterial (SOG2) described bel ow
was applied thereon and baked at 200°C for 60 seconds to
forma 35-nmthick silicon-containing resist mddle
| ayer film The nonol ayer resist for ArF described
bel ow was applied thereon as a resist upper layer film
mat eri al and baked at 105°C for 60 seconds to forma
100-nm thick photoresist film The liquid inmersion top
coat conposition (TC-1) described bel ow was applied onto
t he photoresist film and baked at 90°C for 60 seconds to
forma 50-nmthick top coat.

[ 0556]

The silicon-containing resist mddle |ayer film
mat eri al (SOG2) was prepared by dissolving a polyner
(SP1), a crosslinking catalyst, and an acid in an
organi c solvent and water at the ratios shown in Table

6, and filtering the solution with a 0.l-um fluororesin

filter.
[ 0557]
[ Tabl e 6]
Pol virer Crosslinking Aci d Organi c Vat er
(paryt by cat al yst (part by sol vent (part by
nmass) ( pnz;rsts)by mass) ( p”i;rsts)by nmass)
o SP1 TMPANO; NgLfLC PGEE Vat er
(100) (1) (1) (4410) (490)




PGEE: Propyl ene gl ycol

[ 0558]

The resi st

upper

nonoet hyl

| ayer
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et

filmmteri al

her

(nonol ayer

resist for ArF) was prepared by dissolving a polyner

(RP1),
(Am nel),

sol vent

Sum tonmo 3M Limted),

an aci d generator

(PAGL) ,
each at the ratio shown in Table 7,

O.1-um fluororesin filter.

[ 0559]
[ Tabl e 7]

and a basic conpound
in a
containing 0.1 mass% of FC-430 (manufactured by

and filtering the solution with a

Pol ymer
(part by mass)

Aci d generat or
(part by mmss)

Basi ¢ compound
(part by mmss)

Sol vent
(part by mass)

Monol ayer resi st RP1 PAGL Am nel PGVEA
for ArF (100) (6.6) (0.8) (2500)
PGVEA: Propyl ene glycol mononethyl ether acetate
[ 0560]
The polymer (RP1l), the acid generator (PAGl), and

t he basic compound (Am nel) are shown bel ow.

[ 0561]

o
7
O
5

RP1

CF3CF,CF,CF,S05

PAG1

PR
e

Mw7,800

O._OCH;

HsCO

5

OCHs

Amine1
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[ 0562]

The liquid i mersion top coat conposition (TC- 1)
was prepared by dissolving a polynmer (PP1) in an organic
solvent at the ratios shown in Table 8, and filtering

the solution with a 0.l1-um fluororesin filter.

[ 0563]
[ Tabl e 8]
Pol ymer Organi ¢ sol vent
(part by nmass) (part by mass)
TC 1 PP1 Di i soanyl ether (2700)
(100) 2- Met hyl - 1- but anol (270)
[ 0564]

The polymer (PPl) is shown bel ow.

*fm *\%o

O
CF3 AT~
FsC I CF

PP1
Mw8,800 Mw/Mn1.69

[ 0565]

Then, the substrate was exposed to light with an
ArF liquid i mersion exposure apparatus (NSR-S610C
manufactured by Nikon Corporation, NA 1.30, o 0.98/0.65,
35 deg. s-polarized dipole illum nation, 6% hal ftone
phase shift nmask), baked (PEB) at 100°C for 60 seconds,
and devel oped with a 2.38 mass% aqueous sol uti on of
t et ramet hyl ammoni um hydr oxi de (TMAH) for 30 seconds,
t hereby obtaining a 55 nm 1:1 positive |ine-and-space
pattern (a resist upper layer film pattern).
[ 0566]

Subsequently, using an etching apparatus Telius
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manuf act ured by Tokyo El ectron Ltd., the silicon-
containing resist underlayer filmwas dry-etched (the
pattern was transferred) while using the resist upper
| ayer film pattern as a mask to obtain a silicon-
contai ning resist underlayer film pattern; the organic
filmwas dry-etched (the pattern was transferred) while
using the obtained silicon-containing resist underlayer
filmpattern as a mask to obtain an organic film
pattern; and the Si O; wafer substrate (SIiG film was
dry-etched (the pattern was transferred) while using the
obtained organic filmpattern as a nmask. The etching
conditions were as follows.
[ 0567]
Conditions in transferring resist upper layer film
pattern to silicon-containing resist mddle [ayer film

Chanber pressure: 10.0 Pa

RF- power: 1,500 W

CFs gas flowrate: 75 nL/mn

O gas flowrate: 15 nmL/min

Time: 15 sec
[ 0568]
Conditions in transferring silicon-containing resist
m ddl e | ayer film pattern to organic film

Chamber pressure: 2.0 Pa

RF- power: 500 W

Ar gas flow rate: 75 nL/mn

O, gas flow rate: 45 mi/mn

Time: 120 sec
[ 0569]
Conditions in transferring organic filmpattern to Si O
waf er substrate

Chamber pressure: 2.0 Pa

RF- power: 2,200 W
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CsFi2 gas flow rate: 20 mi/mn
CFs gas flow rate: 10 m./mn
Ar gas flow rate: 300 nL/mn
O gas flowrate: 60 mL/mn
Time: 90 sec

[ 0570]
The cross section of the obtained pattern was

observed with an electron m croscope (S-4700)
manuf actured by Hitachi, Ltd. The results are shown in

Tables 9-1 to 9-3.



[ 0571]
[ Tabl e 9-1]
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Conposition
for form ng
organic film

Profile after
etching for
transferring to

substrate
Exanmpl e 4-1 UDL- 1 Good
Exanmpl e 4-2 UDL- 2 Good
Exanpl e 4-3 UDL- 3 Good
Exanmpl e 4-4 UDL- 4 Good
Exanmpl e 4-5 UDL- 5 Good
Exanmpl e 4-6 UDL- 6 Good
Exanmpl e 4-7 UDL- 7 Good
Exanpl e 4-8 UDL- 8 Good
Exanpl e 4-9 UDL- 9 Good
Exanpl e 4-10 UDL- 10 Good
Exanple 4-11 UDL- 11 Good
Exanmpl e 4-12 UDL- 12 Good
Exanmpl e 4-13 UDL- 13 Good
Exanmpl e 4-14 UDL- 14 Good
Exanpl e 4-15 UDL- 15 Good
Exanpl e 4-16 UDL- 16 Good
Exanmpl e 4-17 UDL- 17 Good
Exanmpl e 4-18 UDL- 18 Good
Exanpl e 4-19 UDL- 19 Good
Exanpl e 4-20 UDL- 20 Good
Exanpl e 4-21 UDL- 21 Good
Exanmpl e 4-22 UDL- 22 Good
Exanmpl e 4-23 UDL- 23 Good
Exanpl e 4-24 UDL- 24 Good
Exanpl e 4-25 UDL- 25 Good
Exanpl e 4-26 UDL- 26 Good
Exanmpl e 4-27 UDL- 27 Good
Exanmpl e 4-28 UDL- 28 Good
Exanpl e 4-29 UDL- 29 Good
Exanpl e 4-30 UDL- 30 Good




[ 0572]
[ Tabl e 9-2]
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Conposition
for form ng
organic film

Profile after
etching for
transferring to

substrate
Exanpl e 4-31 uDL- 31 Good
Exanpl e 4-32 UDL- 32 Good
Exanmpl e 4-33 UDL- 33 Good
Exanmpl e 4- 34 UDL- 34 Good
Exanpl e 4-35 UDL- 35 Good
Exanpl e 4-36 UDL- 36 Good
Exanmpl e 4-37 UDL- 37 Good
Exanmpl e 4-38 UDL- 38 Good
Exanmpl e 4-39 UDL- 39 Good
Exanpl e 4-40 UDL- 40 Good
Exanpl e 4-41 UDL- 41 Good
Exanmpl e 4-42 UDL- 42 Good
Exanmpl e 4-43 UDL- 43 Good
Exanmpl e 4-44 UDL- 44 Good
Exanpl e 4-45 UDL- 45 Good
Exanpl e 4-46 UDL- 46 Good
Exanmpl e 4-47 UDL- 47 Good
Exanmpl e 4-48 UDL- 48 Good
Exanpl e 4-49 UDL- 49 Good
Exanpl e 4-50 UDL- 50 Good
Exanpl e 4-51 UDL- 51 Good
Exanmpl e 4-52 UDL- 52 Good
Exanmpl e 4-53 UDL- 53 Good
Exanpl e 4-54 UDL- 54 Good
Exanpl e 4-55 UDL- 55 Good
Exanpl e 4-56 UDL- 56 Good
Exanmpl e 4-57 UDL- 57 Good
Exanmpl e 4-58 UDL- 58 Good
Exanpl e 4-59 UDL- 59 Good
Exanpl e 4-60 UDL- 60 Good
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[ 0573]
[ Tabl e 9- 3]
Conposi ti on Profi!e after
for formng | Scferting to
substrate

Exanpl e 4-61 UDL- 61 Good
Exanpl e 4-62 UDL- 62 Good
Exanmpl e 4-63 UDL- 63 Good
Exanmpl e 4-64 UDL- 64 Good
Exanpl e 4-65 UDL- 65 Good
Exanpl e 4-66 UDL- 66 Good
Exanmpl e 4-67 UDL- 67 Good
Exanmpl e 4-68 UDL- 68 Good
Exanmpl e 4-69 UDL- 69 Good
Exanpl e 4-70 UDL- 70 Good
Exanple 4-71 UDL- 71 Good
Exanmpl e 4-72 UDL- 72 Good
Exanmpl e 4-73 UDL- 73 Good
Exanmpl e 4-74 UDL- 74 Good
Exanpl e 4-75 UDL- 75 Good
Exanpl e 4-76 UDL- 76 Good
Exampl e 4-77 UDL- 77 Good
Exampl e 4-78 UDL- 78 Good
Exanpl e 4-79 UDL- 79 Good
Exanpl e 4-80 UDL- 80 Good

[ 0574]

As shown in Tables 9-1 to -3, in Exanples 4-1 to -
80, where the inventive conpositions (UDL-1 to -80) for
formng an organic filmwere used, the resist upper
| ayer film pattern was successfully transferred to the
Si & wafer substrate in the end in every case. Thus, it
was confirned that the inventive conpositions for
formng an organic filmcan be used suitably for fine
processing using a nmultilayer resist nethod.
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[ 0575]
[ Preparation of Resist Upper Layer Film Material (PRl to
29 and Conparative PR]

Each of resist upper layer filmmaterials (PRl to
PR29 and conparative PR) was prepared by dissolving a
polymer (P-1), an acid generator (PAG 2), a quencher (Q
1), and a polyner (Bl to B29) in a solvent at the ratios
shown in Table 10 and filtering the resultant sol ution

with a 0.1-um fluororesin filter.



300

[ 0576]
[ Tabl e 10]
s
Cayer f1im
|
mat eri al " (Ppoa:ryner
3 ma;s 3 Addi ti
: . 1) (part I \ée i
2 (100) PAGmSS) y | A
P . ros) part b
R3 (100) pAQ 1(6. é)O) o) : (SOI N
PR P-1 C2(25.0 o 2
4 (100) e 6) ) (= e
P P-1 G 2(25 o : i
R5 (100 Q 1(6 . 0) T5) e |
P- 1) i ) ( B3)) PGVEA( 180)
PR6 (100) e, 6-56)0) ((0. ) ngLE(AlZOOO)O)
P_ 2 B4
PR7 (103 Q 1((625. 0) (0. ) % -
P_ l) i ) ( B5)) PGVEA( 180)
PR8 (100) PA%J-( 6_56)0) ((0. 1) Pg\l/_éAlZOOO)O)
P- 2 B6 b
: ( loé) PAQél((Gz'Sé)O) ((0. ]?) PGIE\I/_IE(Aj'Zosoc;O)
P_ 2 B7 x
PR10 (loé) PA%l((GZ_Sé)O) ((o. 1)) PG]E\I/_E(AlZOSOO)O)
P- 2 BS b
PR11 ( 108) PA%l((ez.sé)O) ((0. 1)) Pg\l/_éAlZOSOO)O)
P_ 2 B9 x
PR12 ( 103) PA%1((62-56)0) § 2 1)) PG'EVLE(Alzosoc;O)
P_ 2 B10 B
PR13 ( 103) PA%l((ez.sé)O) EO- 1% PGE\I/_E(:ZOSOO)O)
P- 2 B1 &
PR14 (10%) PA%_l((ez,sé)O) EO- B Pgl\l;é 12080%0)
P_ | o AL
PR15 (loé) PA%l((GZ_Sé)O) EO- 3 Pgl\l;é 120800)0)
P- 2 B13 Eix
PR16 ( 103) PA%l((ez_sé)O) EO- 13 Pg\l/_é/gZOSOO)O)
P_ 2 Bl x
PR17 (103) PA%l((ez,Sé)O) EO' ‘8 Pgl\l;é 12080%0)
P_ 2 B15 Eix
PR18 ( 103) PA%l((ez.sé)O) EO- 1% PGE\I/_E(:ZOSOO)O)
P- 2 Bl &
PR19 ( loé) pAQ 1((62_55 0) (0. E; Pgl\l;é 12080%0)
| : GZ(ZS) (-4 E A(180
R20 (100) PA%J-( 6. é)O) EO- 1) PGhl;éAlZOO)O)
P- 2 B18 b
PR21 ( 103) PA%l((ez_sé)O) EO- 13 Pg\l/_é/gZOSOO)O)
P_ 2 Bl x
PR22 ( 103) pAQ 1((62,56' 0) (0. 3 PG'EVLE( 12080(;0)
| : GZ(ZS) (o4 E A(180
R23 (100) PA%J-( 6. 6)0) EO- 1) PG\I/_E(:ZOO)O)
P- 2 B2 &
PR24 ( loé) pAQ 1((62_55 0) (0. B Pgl\l;é 12080%0)
| : GZ(ZS) (3 E A(180
R25 (100) PA%J-( 6. é)O) EO- 1) PGhl;éAlZOO)O)
P- 2 B23 b
PR26 ( 103) PA%l((ez_sé)O) EO- 13 Pg\l/_é/gZOSOO)O)
P- 2 B24 x
PR27 ( 108) PA%_l((GZ_Sé)O) E 0. 1; Pgé;zosoc;O)
P_ 2 B25 B
PR28 ( 103) PA%l((ez.Sé)O) EO- 1% PGE\I/_E(:ZOSOO)O)
P- 2 B2 1
PR29 (10% Q 1((625. ) (0. E) e 1(20800)
Co ) PA - 6) ) < 0)
E . 1o (B27) E A(180
PR ive (;‘00) P/_\%_lz( 6. é)O) Eg 1) PG'\I;E(A:LZOO)O)
1 o : (18
(100) PA%_lz((G. 6)0) Eg‘zlg PGIE\I/_E(/A%(ZOOO)O)
2 9 18
Q 1( 6_56' 0) (0. 13 ] % 120000)
) GVEA( 18 )
_ . EL( 120000)
GIEVEA( 183
0
L(1200) )
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[ 0577]

The polynmer (P-1), the acid generator (PAG 2), the
guencher (Q 1), and the solvent are shown bel ow.
[ 0578]

\Sfjﬂ%ESS 0.45
o~ 0O
“ OH

P-1

Mw=4900
Mw/Mn=1.51

[ 0579]

S & e ¢
vy S N

PGVEA: Propyl ene glycol nmononethyl ether acetate
EL: Ethyl lactate
[ 0580]
[ Preparation of Silicon wafer Having Resist Upper Layer
Film Using Resist Upper Layer Film Material (PRl to 29
and Conparative PR)]

Using a coater/devel oper “CLEAN TRACK LI THI US Pro
AP” of Tokyo Electron Ltd., each of the resist upper
| ayer filmmaterials (PRL to PR29 and conparative PR)
prepared above was respectively discharged in an anount
of 2 mM onto the center of a silicon wafer. The wafer

was rotated to spread the nmaterial at a rotational rate
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at which the average filmthickness was 45 nm after
baking. Next, the silicon wafer coated with the resist
upper |ayer film above was heated at 110°C for 30
seconds. Thus, silicon wafers having a resist upper
| ayer film were obtained.
[ 0581]
[In-Plane Uniformty Evaluation of Resist Upper Layer
Film Exanple 5-1 to -29 and Conparative Exanple 5-1]
The filmthickness of the resist upper layer filnms
(PR1 to PR29 and conparative PR) formed on the silicon
waf er by the above-descri bed nmethod was neasured at 225
concentric points within a radius of 145 mmfromthe
wafer center by optical filmthickness gauge. The val ue
determ ned by ( Xvax- Xnin)/ Xaverage Was defined as in-plane
uniformty (9%, where Xwmx represents the maxi mum val ue
of the filmthickness, Xin represents the m ni mrum val ue
of the filmthickness, and Xaverage i S the average film
t hi ckness. When the in-plane uniformty was | ess than
3% the conposition was eval uated as “good”, when 3% or

nore, as “poor.”



[ 0582]
[ Tabl e 11]
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Resi st upper | ayer

film

I n-pl ane

Exanpl e 5-1

mat eri al uniformty
Exanple 5-1 PR1 Good
Exanmpl e 5-2 PR2 Good
Exanpl e 5-3 PR3 Good
Exanmpl e 5-4 PR4 Good
Exanmpl e 5-5 PR5 Good
Exanpl e 5-6 PR6 Good
Exanmpl e 5-7 PR7 Good
Exanpl e 5-8 PR8 Good
Exanpl e 5-9 PR9 Good
Exanmpl e 5-10 PR10 Good
Exanmpl e 5-11 PR11 Good
Exanpl e 5-12 PR12 Good
Exanpl e 5-13 PR13 Good
Exanmpl e 5-14 PR14 Good
Exanmpl e 5-15 PR15 Good
Exanpl e 5-16 PR16 Good
Exanpl e 5-17 PR17 Good
Exanpl e 5-18 PR18 Good
Exanmpl e 5-19 PR19 Good
Exanmpl e 5-20 PR20 Good
Exanpl e 5-21 PR21 Good
Exanpl e 5-22 PR22 Good
Exanpl e 5-23 PR23 Good
Exanmpl e 5-24 PR24 Good
Exanmpl e 5-25 PR25 Good
Exanpl e 5-26 PR26 Good
Exanpl e 5-27 PR27 Good
Exanmpl e 5-28 PR28 Good
Exanmpl e 5-29 PR29 Good
Comparative Conparative PR Poor
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[ 0583]

As shown in Table 11, the inventive resist upper
layer filmmaterials (PRL to PR29) has excellent in-
pl ane uniformty, and thus this indicates that the
i nventive polynmer functions as a surfactant that inparts
excell ent leveling performance and can be used in
various conpositions for formng an organic film
regardl ess of the type of resin used in conbination.
[ 0584]
[ EUV Lithography Eval uation: Exanples 6-1 to -29]

Each of resist upper layer filmmaterials (PRl to
PR29) shown in Table 10 was spin-coated respectively on
a Si substrate on which a silicon-containing spin-on
hard mask SHB- A940 (silicon content: 43 nass%
manuf act ured by Shin-Etsu Chem cal Co., Ltd. was fornmed
with a filmthickness of 20 nm and pre-baked at 110°C
for 30 seconds on a hot plate to prepare a resist film
with a filmthickness of 45 nm The resist filmwas
exposed to light using an EUV scanner NXE3400 (NA 0. 33,
c 0.9/0.7, dipole illumination) manufactured by ASML;
PEB was performed on a hot plate at 80°C for 60 seconds;
and devel opnment was perforned with a 2.38 nmass% TMAH
aqueous solution for 30 seconds to forma |ine-and-space
pattern with a 40 nmpitch and a 20 nmline width. The
pattern was observed using a | ength nmeasuring SEM
(CG300) manufactured by Hitachi Hi gh-Technol ogi es
Corporation, and it was eval uated as “good” when a |ine

pattern was formed with a dinension of 20 nm+ 2.0 nm
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[ 0585]
[ Tabl e 12]
Resi st upper layer film I n-pl ane
mat eri al uniformty
Exanpl e 6-1 PR1 Good
Exanpl e 6-2 PR2 Good
Exanpl e 6-3 PR3 Good
Exanpl e 6-4 PR4 Good
Exanpl e 6-5 PR5 Good
Exanpl e 6-6 PR6 Good
Exanmpl e 6-7 PR7 Good
Exanpl e 6-8 PR8 Good
Exanpl e 6-9 PR9 Good
Exanmpl e 6-10 PR10 Good
Exanpl e 6-11 PR11 Good
Exanpl e 6-12 PR12 Good
Exanpl e 6-13 PR13 Good
Exanmpl e 6-14 PR14 Good
Exanmpl e 6-15 PR15 Good
Exanpl e 6-16 PR16 Good
Exanpl e 6-17 PR17 Good
Exanpl e 6-18 PR18 Good
Exanmpl e 6-19 PR19 Good
Exanmpl e 6- 20 PR20 Good
Exanpl e 6-21 PR21 Good
Exanpl e 6-22 PR22 Good
Exanmpl e 6-23 PR23 Good
Exanmpl e 6-24 PR24 Good
Exanmpl e 6- 25 PR25 Good
Exanpl e 6-26 PR26 Good
Exanpl e 6-27 PR27 Good
Exanmpl e 6-28 PR28 Good
Exanmpl e 6-29 PR29 Good
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[ 0586]

As shown in Table 12, in Exanples 6-1 to -29 using
the inventive conposition (PR1 to PR29) for form ng an
organic film a resist upper layer filmpattern of 20 nm
was fornmed in each case, and it was confirned that the
resi st upper layer filmmterial, which is the inventive
conposition for formng an organic film is suitably
used for fine processing.

[ 0587]
[ Preparation of Silicon-Containing Resist Mddle Layer
Film Material (SOG3 to SOG31)]

As a silicon-containing resist mddle layer film
material, each of the silicon-containing resist
underlayer filmmaterials (SOG3 to 31) was prepared by
di ssolving a polymer (SPl), a crosslinking catalyst, and
an acid in an organi c solvent and water at the ratios
shown in Table 13, and filtering the solution with a

0.1-um fluororesin filter.
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[ 0588]
[ Tabl e 13]
Material for
formn Cross- .
sili cong- Pol ymer I'i nking Aci d Conmpound Or gani ¢ hater
o (part sol vent (part
cont ai n|t ng by E:at altyts)t (part )by (part )by (part by by

resis ar mass mass

m ddl e | ayer mass) prmss) Y mass) mass)
film

SO SP1 TMPANC3 Mal ei ¢ acid (B1) PGEE Wat er
(100) (1.0) (1.0) (1.0) (44100) (4900)
sox SP1 TMPANC3 Mal ei ¢ acid (B2) PGEE Wat er
(100) (1.0) (1.0) (1.0) (44100) (4900)
SOGE SP1 TMPANC3 Mal ei ¢ acid (B3) PGEE Wat er
(100) (1.0) (1.0) (1.0) (44100) (4900)
SOG6 SP1 TMPANC3 Mal ei ¢ acid (B4) PGEE Wat er
(100) (1.0) (1.0) (1.0) (44100) (4900)
sOG7 SP1 TMPANC3 Mal ei ¢ acid (B5) PGEE Wat er
(100) (1.0) (1.0) (1.0) (44100) (4900)
sSOGs SP1 TMPANC3 Mal ei ¢ acid (B6) PGEE Wat er
(100) (1.0) (1.0) (1.0) (44100) (4900)
SO SP1 TMPANC3 Mal ei ¢ acid (B7) PGEE Wat er
(100) (1.0) (1.0) (1.0) (44100) (4900)
SOGLO SP1 TMPANG3 Mal ei c acid (B8) PGEE Wat er
(100) (1.0) (1.0) (1.0) (44100) (4900)
SOGL1 SP1 TMPANG3 Mal ei c acid (B9) PGEE Wat er
(100) (1.0) (1.0) (1.0) (44100) (4900)
SOGL2 SP1 TMPANC3 Mal eic acid (B10) PGEE Wat er
(100) (1.0) (1.0) (1.0) (44100) (4900)
SOG13 SP1 TMPANC3 Mal eic acid (B11) PGEE Wat er
(100) (1.0) (1.0) (1.0) (44100) (4900)
soG14 SP1 TMPANC3 Mal eic acid (B12) PGEE Wat er
(100) (1.0) (1.0) (1.0) (44100) (4900)
SOGL5 SP1 TMPANC3 Mal eic acid (B13) PGEE Wat er
(100) (1.0) (1.0) (1.0) (44100) (4900)
SOGL6 SP1 TMPANC3 Mal eic acid (B14) PGEE Wat er
(100) (1.0) (1.0) (1.0) (44100) (4900)
SOGL7 SP1 TMPANC3 Mal eic acid (B15) PGEE Wat er
(100) (1.0) (1.0) (1.0) (44100) (4900)
soc18 SP1 TMPANC3 Mal eic acid (B16) PGEE Wat er
(100) (1.0) (1.0) (1.0) (44100) (4900)
SOGLY SP1 TMPANC3 Mal eic acid (B17) PGEE Wat er
(100) (1.0) (1.0) (1.0) (44100) (4900)
SOG20 SP1 TMPANC3 Mal eic acid (B18) PGEE Wat er
(100) (1.0) (1.0) (1.0) (44100) (4900)
SO 1 SP1 TMPANC3 Mal eic acid (B19) PGEE Wat er
(100) (1.0) (1.0) (1.0) (44100) (4900)
SO2 SP1 TMPANC3 Mal eic acid (B20) PGEE Wat er
(100) (1.0) (1.0) (1.0) (44100) (4900)
So@3 SP1 TMPANC3 Mal eic acid (B21) PGEE Wat er
(100) (1.0) (1.0) (1.0) (44100) (4900)
soc24 SP1 TMPANC3 Mal eic acid (B22) PGEE Wat er
(100) (1.0) (1.0) (1.0) (44100) (4900)
SO25 SP1 TMPANC3 Mal eic acid (B23) PGEE Wat er
(100) (1.0) (1.0) (1.0) (44100) (4900)
SOG26 SP1 TMPANC3 Mal eic acid (B24) PGEE Wat er
(100) (1.0) (1.0) (1.0) (44100) (4900)
SO®7 SP1 TMPANC3 Mal eic acid (B25) PGEE Wat er
(100) (1.0) (1.0) (1.0) (44100) (4900)
soe2s SP1 TMPANC3 Mal eic acid (B26) PGEE Wat er
(100) (1.0) (1.0) (1.0) (44100) (4900)
SO29 SP1 TMPANC3 Mal eic acid (B27) PGEE Wat er
(100) (1.0) (1.0) (1.0) (44100) (4900)
SOG30 SP1 TMPANC3 Mal eic acid (B28) PGEE Wat er
(100) (1.0) (1.0) (1.0) (44100) (4900)
SO31 SP1 TMPANC3 Mal eic acid (B29) PGEE Wat er
(100) (1.0) (1.0) (1.0) (44100) (4900)
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PGEE: Propyl ene gl ycol nonoethyl ether

[ 0589]

[ Coatability Evaluation of Silicon-Containing Resist

M ddl e Layer Film Exanples 7-1 to -29 and Conparative
Exanpl e 7-1]

An organic cured filmwas formed respectively on a
silicon wafer substrate by using the conpositions
(conparative UDL-1) for formng an organic film by the
above-descri bed nmethod; the silicon-containing resist
m ddl e |ayer filmmterial (SOGL and
SOG3 to SOG31) described bel ow was applied thereon; and
baki ng was performed at 200°C for 60 seconds to forma
silicon-containing resist mddle layer film Then, the
condition of the coating filmof the silicon-containing
resist mddle layer filmwas visually observed and
eval uated. When the condition of the coating film was
good, it was judged as “good,” and when a pinhol e was
generated, as “poor.” Incidentally, in order to
eval uate the superiority or inferiority of the
coatability of the silicon-containing resist mddle
| ayer film this evaluation was perfornmed under specia
strict evaluation conditions in which the filmthickness
of the silicon-containing resist mddle |ayer filmwas 5

nm
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[ 0590]
[ Tabl e 14]

Material for Sili con-contai ni ng
formng silicon- resist mddle |ayer
containing resist film coating
m ddle layer film | property eval uation

Example 7-1 SOG3 Good
Exanmple 7-2 SO Good
Exanmple 7-3 SOG5 Good
Exanple 7-4 SOG6 Good
Example 7-5 SOG7 Good
Exanmple 7-6 SOG8 Good
Example 7-7 SO0 Good
Exanple 7-8 SOG10 Good
Exanmple 7-9 SOGL1 Good
Exampl e 7-10 SOG12 Good
Exanple 7-11 SOG13 Good
Exanple 7-12 SOG14 Good
Exanpl e 7-13 SOG15 Good
Exanple 7-14 SOG16 Good
Exampl e 7-15 SOGL7 Good
Exampl e 7-16 SOG18 Good
Exampl e 7-17 SOGL19 Good
Exampl e 7-18 SOG20 Good
Exanpl e 7-19 SOG21 Good
Exanpl e 7-20 SOG22 Good
Exanple 7-21 SOG23 Good
Exanpl e 7-22 SOG24 Good
Exampl e 7-23 SOG25 Good
Exampl e 7-24 SOG26 Good
Exampl e 7-25 SOG27 Good
Exampl e 7-26 SOG28 Good
Exanpl e 7-27 SOG29 Good
Exanpl e 7-28 SOG30 Good
Exanpl e 7-29 SOG31 Good
SRR sost
[ 0591]

As shown in Table 14, the silicon-containing resist
m ddle layer filmmaterials (SOG3 to SOG31) do not

generate a pinhole and have excellent filmformability.
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This indicates that the inventive polynmer can be applied
as a surfactant exhibiting high filmformability, not
only for organic films, but also for various conposition
for formng a film
[ 0592]
[ Resi st Patterning Evaluation in ArF Liquid-Inmersion
Li t hography: Exanples 8-1 to 8-14 and Conparative
Exanples 8-1 to 8-2]

Each of resist upper layer filmmaterials (PR30 to
-43 and conparative PR-2) was prepared by dissolving a
pol ymer (P-2), an acid generator (PAG 3), a quencher (Q
2), a polynmer (B4 and B30 to B42) as a water-repellent
material for resist surface, and a polyner (B9 to B18)
as a surfactant in a solvent at the ratios shown in
Table 15 and filtering the resultant solution with a
0.1-um fluororesin filter.
[ 0593]
PGVEA: Propyl ene glycol nmononethyl ether acetate
GBL: Ganma butyrol actone
[ 0594]
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[ 0595]
[ Tabl e 15]
Acid Water
Resist Polymer generator Quencher repellent Surfactant Organic solvent
> (parts by (parts by (parts by
material (parts by (parts by (parts by mass)
mass) mass) mass)
mass) mass)
PR-30 P-2 PAG-3 Q-2 B-4 B-9 PGMEA(2,000)
(100) (10.0) (5.0) (3.0) (0.1) GBL(200)
PR-31 P-2 PAG-3 Q-2 B-30 B-10 PGMEA(2,000)
(100) (10.0) (5.0) (4.0) (0.1) GBL(200)
PR-39 P-2 PAG-3 Q-2 B-31 B-11 PGMEA(2,000)
(100) (10.0) (5.0) (4.0) (0.1) GBL(200)
PR-33 P-2 PAG-3 Q-2 B-32 B-12 PGMEA(2,000)
(100) (10.0) (5.0) (4.0) (0.1) GBL(200)
PR-34 P-2 PAG-3 Q-2 B-33 B-13 PGMEA(2,000)
(100) (10.0) (5.0) (4.0) (0.1) GBL(200)
PR-35 P-2 PAG-3 Q-2 B-34 B-14 PGMEA(2,000)
(100) (10.0) (5.0) (4.0) (0.1) GBL(200)
PR-36 P-2 PAG-3 Q-2 B-35 B-15 PGMEA(2,000)
(100) (10.0) (5.0) (4.0) (0.1) GBL(200)
PR-37 P-2 PAG-3 Q-2 B-36 B-16 PGMEA(2,000)
(100) (10.0) (5.0) (4.0) (0.1) GBL(200)
PR-38 P-2 PAG-3 Q-2 B-37 B-17 PGMEA(2,000)
(100) (10.0) (5.0) (5.0) (0.1) GBL(200)
PR-39 p-2 PAG-3 Q-2 B-38 B-18 PGMEA(2,000)
(100) (10.0) (5.0) (4.0) (0.1) GBL(200)
PR-40 p-2 PAG-3 Q-2 B-39 B-18 PGMEA(2,000)
(100) (10.0) (5.0) (6.0) (0.1) GBL(200)
PR-41 p-2 PAG-3 Q-2 B-40 B-9 PGMEA(2,000)
(100) (10.0) (5.0) (3.0) (0.1) GBL(200)
PR-49 p-2 PAG-3 Q-2 B-41 B-9 PGMEA(2,000)
(100) (10.0) (5.0) (4.0) (0.1) GBL(200)
PR-43 p-2 PAG-3 Q-2 B-42 B-9 PGMEA(2,000)
(100) (10.0) (5.0) (4.0) (0.1) GBL(200)
Comparative P-2 PAG-3 Q-2 A i PGMEA(2,000)
PR-2 (100) (10.0) (5.0) GBL(200)
[ 0596]

UDL-1 was applied onto a silicon substrate and
baked at 350°C for 60 seconds to prepare an underl ayer
filmwith a filmthickness of 500 nm A silicon-
containing resist mddle layer filmmterial (SOG2) was
applied thereon and baked at 200°C for 60 seconds to
forma silicon-containing resist mddle layer filmwth
a filmthickness of 35 nm On top of that, the
foll ow ng nonol ayer resist for ArF was applied thereon
as a resist upper layer filmmaterial shown in Table 15,

and baked at 105°C for 60 seconds to form a photoresist
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filmwth a filmthickness of 100 nm The contact angle
of water on the photoresist filmafter baking was
measured. The results are shown in Table 16.

[ 0597]

Using an ArF exciner laser inmmersion |lithography
scanner (NSR-S610C manufacture by N kon Corporation, NA
1.30, o 0.90/0.72, opening 35 deg., cross-pole
i 1lumnation, azinmuthally polarized illum nation, 6%
hal ftone phase shift mask, dipole illum nation),
exposure of a |line-and-space pattern (LS pattern) with
an on-wafer size of 45 nmand a pitch of 90 nm was
perfornmed while varying the dose and focus, and then the
waf er was baked (PEB) at 90°C for 60 seconds. After the
PEB, in the case of Exanple 8-1 and Conparative Exanple
8-1, the wafer was puddl e devel oped with n-butyl acetate
for 30 seconds and spin-dried to forma negative
pattern. After the PEB, in the case of Exanple 8-2 to -
14 and Conparative Exanple 8-2, the wafer was puddle
devel oped in a 2.38 mass% TMAH aqueous sol ution for 30
seconds, rinsed with pure water and spin-dried to forma
positive pattern. The exposure anmount at which the |ine
di mension was within 40 nm+ 4 nmusing a |length
measuri ng SEM (CG 6300) manufactured by Hitachi High
Technol ogi es was defined as the opti num exposure anount
(Eop). The devel oped wafer was cut into pieces, and the
cross section of the LS pattern exposed at the optinum
exposure anount was observed using the SEM The results

are shown in Table 16.
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[ 0598]
[ Tabl e 16]
' . Eop . Con't act angle
Resi st material (m)/ cn?) Cross-sectional shape with water
(degree)

Exanmpl e 8-1 PR- 30 36.0 Rect angl e 88
Exanpl e 8-2 PR- 31 35.5 Rect angl e 82
Exanpl e 8-3 PR- 32 35.5 Rect angl e 84
Exanpl e 8-4 PR- 33 35.0 Rect angl e 82
Exanpl e 8-5 PR- 34 36.5 Rect angl e 81
Exanpl e 8-6 PR- 35 36.5 Rect angl e 82
Exanmpl e 8-7 PR- 36 35.0 Rect angl e 82
Exanpl e 8-8 PR- 37 35.0 Rect angl e 81
Exanpl e 8-9 PR- 38 35.0 Rect angl e 82
Exanpl e 8-10 PR- 39 35.0 Rect angl e 85
Exanpl e 8-11 PR- 40 33.5 Rect angl e 85
Exanpl e 8-12 PR- 41 36.1 Rect angl e 84
Exanpl e 8-13 PR- 42 35.5 Rect angl e 82
Exanpl e 8-14 PR- 43 35.5 Rect angl e 85
(I;an;r :t I8Vi Oonp;F:-azt e 34.5 Rounded pattern-top 61
(E:(:anzlr:t ISVZ Corrp;Rr_aztive 35.5 T-shape pattern-top 61

[ 0599]

As shown in Table 16, it can be seen that the

i nventive conposition for formng a filmcan form a good
pattern even in |iquid-inmersion exposure.
[ 0600]

From t he above, the inventive conposition for
formng an organic filmhas excellent filmformability,
high filling property, hunp suppression property, and
excel l ent coating property of silicon-containing resist
m ddle |ayer filnms, and therefore, is extrenely useful
as a material for an organic filmto be used in a
mul til ayer resist process. In addition, the inventive
patterni ng processes, using the inventive conposition
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for formng an organic film make it possible to fil

hol es and trenches having a very high aspect ratio

wi thout a gap, forma fine pattern with high precision,
and form a hunp-suppressed organic film Further, when
used in resist, it has excellent coating uniformty and
good pattern profile, and when applied to |iquid-

I mmer si on exposure, it inproves the water repellency of
the resist filmsurface, and therefore, make it possible
to manufacture sem conductor devices and the |ike
efficiently.

Furthernore, the inventive polymer exhibits high
filmformability and can be widely used as a surfactant.
[ 0601]

The present description includes the follow ng
enmbodi nent s.

[ 0602]

[1]: A conposition for formng a filmconprising a
pol ymer having an aromatic group having a

pent af | uorosul fanyl group as a substituent.

[ 0603]

[2]: The conposition for formng a filmof the above
[1], wherein the polyner is a polynmer (a) having a
repeating unit “a” having an aromatic group having a
pent af | uorosul fanyl group as a substituent.

[ 0604]

[3]: The conposition for formng a filmof the above
[2], wherein the repeating unit “a” is represented by

any one of the following formulae (al) to (a4),
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(a 1)

wherein, “p” represents an integer of 1 to 3; “n”
represents an integer of 0 to 5; “ni represents an
integer of 0 to 4; Ri represents a hydrogen atom or a
met hyl group; R. represents a hydrocarbyl group having 1
to 6 carbon atons, a hydrocarbyl oxy group having 1 to 12
carbon atons, a hydrocarbyl oxycarbonyl group having 2 to
6 carbon atonms, a hydrocarbyl carbonyl oxy group having 2
to 12 carbon atons, a hydroxy group, a carboxy group, a
hal ogen atom a trifluoronmethoxy group, a cyano group,

or a nitro group; Xi represents a single bond, an ester
bond, an ether bond, a sulfonic acid ester group, a

sul f onam de group, an am de bond, or a phenyl ene group;
X2 represents a single bond or a hydrocarbyl ene group
having 1 to 20 carbon atonms when “p” represents 1, and X
represents a (p+l)-val ent hydrocarbon group having 1 to
20 carbon atons when “p” represents 2 or 3, and the
hydr ocar byl ene group and the (p+1)-val ent hydrocarbon
group may contain at |east one atom selected fromthe
group consi sting of an oxygen atom a sulfur atom a
nitrogen atom and a hal ogen atom Xz represents a single
bond or an ether bond; and Ari: each independently
represents a (mtn+1l)-val ent group derived from benzene
or napht hal ene, provided that at |east one of “n”s in

the fornmula represents 1 or nore,
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X3-SFs )

(R2)m
(a2)

wherein, “n” and “n’ represent the sane as defined

above, “|” represents an integer of 0 to 3, and at | east
one of the two “n”s and the two “1”s in the fornula
represents 1 or nore; R; and Xs represent the same as
defi ned above; and Rs represents the foll ow ng general
formula (a2-1); Ar, each independently represents a
(n+mtl +2) -val ent aromati ¢ hydrocarbon group having 6 to
30 carbon atonms; and Arz represents a (n+mtl +1)-val ent
group derived from benzene or naphthal ene,

wherein, Xz and “n” represent the same as above; X4
represents a single bond or a hydrocarbyl ene group
having 1 to 12 carbon atons, and the hydrocarbyl ene
group may have at | east one selected fromthe group
consi sting of a hydroxy group, a saturated
hydr ocar byl oxy group having 1 to 6 carbon atons, an

et her bond, an ester bond, and an am de bond; and Arg4
represents a (n+l)-valent group derived from benzene or

napht hal ene,
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(Ra)|
( X3_SF5 )n
R4
(R2)m
(@3)
wherein “n”, “nt, “I”, Arz, Ry, Rs, and Xz represent the

sanme as defined above; Rs represents a hydrogen atom or a
hydr ocar byl group having 1 to 10 carbon atons, and the
hydr ocar byl group may have an oxygen atom but does not
have a substituent having SFs; and at | east one of “n”

and “1” in the formula represents 1 or nore,

Ao

R3

(@4)

wherein Rs and Rs represent the sane as defined above.
[ 0605]

[4]: The conposition for formng a filmof the above
[3], wherein the repeating unit “a” is represented by
the formula (al).

[ 0606]

[5]: The conposition for formng a film of any one of
t he above [2] to [4], wherein the polynmer (a) further
conprises a repeating unit “bl” having a hydrophilic
group selected fromthe group consisting of an ether
bond, an ester bond, a hydroxy group, a carboxy group, a
sul f onam de bond, a sulfonimde bond, a sulfo group, a
| actone ring, a sultone ring, a carbonate bond, a

ur et hane bond, and an am de bond.

[ 0607]
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[6]: The conposition for formng a film of any one of
the above [2] to [5], wherein the conposition for
formng a filmis a conposition for form ng an organic
filmconprising (A) a resin or conpound for form ng an
organic film (B) the polynmer (a); and (C) a solvent.
[ 0608]
[7]: The conposition for formng a film of any one of
t he above [6], wherein the conponent (B) is contained in
an amount of 0.01 to 5 parts by mass based on 100 parts
by mass of the conponent (A).
[ 0609]
[8]: The conposition for formng a film of any one of
t he above [6] or [7], further conprising (D) a photo-
acid generator or (E) a thermal acid generator.
[ 0610]
[9]: A nmethod for formng an organic filmto be used in
a manufacturing process of a sem conductor device, the
met hod conpri sing:

spin-coating a substrate to be processed with the
conposition for formng a filmof any one of the above
[6] to [8]; and

formng a cured filmby heating the substrate
coated with the conposition for formng a filmat a
tenperature of 100°C or higher and 600°C or |ower for 10
to 600 seconds.
[0611]
[10]: A patterning process conprising:

form ng an organic filmon a body to be processed
by using the conposition for formng a film of any one
of the above [6] to [8];

formng a resist mddle layer filmon the organic
filmby using a silicon-containing resist mddle |ayer
filmmateri al
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form ng a resist upper layer filmon the resist
m ddl e | ayer film by using a resist upper layer film
mat eri al conprising a photoresist conposition;

forming a circuit pattern in the resist upper |ayer
film

transferring the pattern to the resist mddle |ayer
filmby etching while using the resist upper layer film
having the fornmed circuit pattern as a nmask;

transferring the pattern to the organic film by
etching while using the resist mddle layer film having
the transferred pattern as a mask; and

further transferring the pattern in the body to be
processed by etching while using the organic film having
the transferred pattern as a mask.
[0612]
[11]: A patterning process conprising:

formng an organic filmon a body to be processed
by using the conposition for formng a film of any one
of the above [6] to [8];

formng a resist mddle layer filmon the organic
filmby using a silicon-containing resist mddle |ayer
filmmterial;

form ng an organic antireflective filmor an
adhesive filmon the resist mddle |ayer film

form ng a resist upper layer filmon the organic
antireflective filmor the adhesive filmby using a
resi st upper layer filmmterial conprising a
phot or esi st conposition;

forming a circuit pattern in the resist upper |ayer
film

transferring the pattern to the organic
antireflective filmor the adhesive filmand to the
resist mddle layer filmby etching while using the
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resi st upper layer filmhaving the formed circuit
pattern as a mask;

transferring the pattern to the organic film by
etching while using the resist mddle layer film having
the transferred pattern as a mask; and

further transferring the pattern to the body to be
processed by etching while using the organic film having
the transferred pattern as a mask.
[ 0613]
[12]: A patterning process conprising:

form ng an organic filmon a body to be processed
by using the conposition for formng a film of any one
of the above [6] to [8];

form ng an inorganic hard nmask selected fromthe
group consisting of a silicon oxide film a silicon
nitride film and a silicon oxynitride filmon the
organic film

formng a resist upper layer filmon the inorganic
hard mask by using a resist upper |layer filmmteri al
conprising a photoresist conposition;

formng a circuit pattern in the resist upper |ayer
film

transferring the pattern to the inorganic hard mask
by etching while using the resist upper layer film
having the formed circuit pattern as a mask

transferring the pattern to the organic film by
etching while using the inorganic hard mask havi ng the
transferred pattern as a nmask; and

further transferring the pattern to the body to be
processed by etching while using the organic film having
the transferred pattern as a mask.
[ 0614]
[13]: A patterning process conprising:
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form ng an organic filmon a body to be processed
by using the conposition for formng a film of any one
of the above [6] to [8];

form ng an inorganic hard nask selected fromthe
group consisting of a silicon oxide film a silicon
nitride film and a silicon oxynitride filmon the
organic film

form ng an organic antireflective filmor an
adhesive filmon the inorganic hard nmask;

form ng a resist upper layer filmon the organic
antireflective filmor the adhesive filmby using a
resi st upper layer filmmterial conprising a
phot oresi st conposition;

forming a circuit pattern in the resist upper |ayer
film

transferring the pattern to the organic
antireflective filmor the adhesive filmand to the
I norgani ¢ hard mask by 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 inorganic hard mask having the
transferred pattern as a mask; and

further transferring the pattern to the body to be
processed by etching while using the organic film having
the transferred pattern as a mask.
[ 0615]
[ 14] : The patterning process of the above [12] or [13],
wherein the inorganic hard mask is forned by a CVD
met hod or an ALD net hod.
[ 0616]
[15]: The patterning process of any one of the above
[10] to [13], wherein the circuit pattern is formed by a
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i thography using |ight having a wavel ength of 10 nm or
nore and 300 nmor less, a direct witing with an
el ectron beam nanoi nprinting, or a conbination thereof.
[0617]
[16]: The patterning process of any one of the above
[10] to [13], wherein the circuit pattern is devel oped
with an al kaline devel opnent or an organic sol vent.
[ 0618]
[17]: The patterning process of any one of the above
[10] to [13], 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
[ 0619]
[18]: The patterning process of the above [17], wherein
the metal constituting the body to be processed is
silicon, titanium tungsten, hafnium zirconium
chrom um germani um copper, silver, gold, alum num
i ndium gallium arsenic, palladium iron, tantalum
iridium nolybdenum or an alloy thereof.
[ 0620]
[19]: A patterning process conprising:
forming a resist filmon a substrate by using the
conposition for formng a filmaccording to any one of
t he above [6] to [8];
exposing the resist filmto a high-energy beam and
devel opi ng the exposed resist filmby using a
devel oper.
[ 0621]
[20]: The patterning process according to the above

[19], wherein the high-energy beamis a g-line, an i-
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line, a KrF excinmer |aser beam an ArF exciner |aser
beam an ultraviolet ray, an electron beam or an
extreme ultraviolet ray having a wavelength of 3 to 15
nm

[ 0622]

[21] : A mononer represented by the follow ng genera
formula (ab),

\/Rx

\
4

La (a5)

wherein R« represents a hydrogen atom or a net hyl group;
Xa represents a single bond, a phenyl ene group, a
napht hyl ene group, or a linking group having 1 to 12
carbon atonms and having an ester bond, an ether bond, or
a lactone ring, and may have an oxygen atom a nitrogen
atom a sulfur atom and/or a halogen atom and La
represents an acid-labile group and has an aromatic
group having at | east one pentafluorosul fanyl group as a
substi tuent.

[ 0623]

[22] : The nmononmer according to the above [ 21]

represented by the follow ng general fornula (a6),



324

,/\“:/\|
m(R13) (SFsh (. 6)

wherein Xa and Rc represent the sanme defined above; Riz1
and Ri2 each independently represent a |inear, branched,
or cyclic alkyl group having 1 to 12 carbon atons, a

| i near, branched, or cyclic al kenyl group having 2 to 12
carbon atons, a linear, branched, or cyclic al kynyl
group having 2 to 12 carbon atons, or an aryl group
having 5 to 10 carbon atoms, each of which may have an
oxygen atom and/or a sulfur atom and Ri1 and Rz may
bond to each other to forma ring; Riz each independently
represents a hydrogen atom a hal ogen atom an al kyl
group having 1 to 4 carbon atons, or an al koxy group;

“m represents an integer of O to 4; and “n” represents
an integer of 1 to 3.

[ 0624]

[23]: A polyner having a repeating unit represented by
the follow ng general formula (a7) and having a weight-

average nol ecul ar weight in a range of 100 to 500, 000,
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La (a 7)

wherein, R« represents a hydrogen atom or a methyl group;
Xa represents a single bond, a phenylene group, a
napht hyl ene group, or a linking group having 1 to 12
carbon atons and having an ester bond, an ether bond, or
a lactone ring, and my have an oxygen atom a nitrogen
atom a sulfur atom and/or a hal ogen atony La
represents an acid-labile group and has an aromatic
group having at | east one pentafluorosul fanyl group as a
substi tuent.

[ 0625]

[24] : The polynmer of the above [23] having a repeating
unit represented by the follow ng general fornula (a8)
and having a wei ght-average nol ecul ar weight in a range
of 100 to 500, 000,

Rx
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wherein Xa and R« represent the sane defined above; Ru:
and Ri2 each independently represent a |inear, branched,
or cyclic alkyl group having 1 to 12 carbon atons, a

| i near, branched, or cyclic al kenyl group having 2 to 12
carbon atonms, a linear, branched, or cyclic al kynyl
group having 2 to 12 carbon atonms, or an aryl group
having 5 to 10 carbon atoms, each of which may have an
oxygen atom and/or a sulfur atom and Rz and Ri2 may
bond to each other to forma ring; Riz each independently
represents a hydrogen atom a hal ogen atom an al kyl
group having 1 to 4 carbon atons, or an al koxy group;

“m represents an integer of O to 4; and “n” represents
an integer of 1 to 3.

[ 0626]

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

i nventi on.
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CLAI Ms

[Claim1] A conmposition for formng a film
conprising a polymer having an aromati c group having a

pent af | uorosul fanyl group as a substituent.

[ Cl ai m 2] The conposition for formng a film
according to claim 11, wherein the polynmer is a polyner

(a) having a repeating unit “a” having an aromatic group

havi ng a pentafl uorosul fanyl group as a substituent.

[ Claim 3] The conposition for formng a film
according to claim2, wherein the repeating unit “a” is
represented by any one of the following formulae (al) to
(a4d),

R4

X
klf@%&-swn

(Ro)ry g

(al)

wherein, “p” represents an integer of 1 to 3; “n”
represents an integer of 0 to 5; “ni represents an
integer of 0 to 4; Ri represents a hydrogen atomor a
met hyl group; R represents a hydrocarbyl group having 1
to 6 carbon atons, a hydrocarbyl oxy group having 1 to 12
carbon atons, a hydrocarbyl oxycarbonyl group having 2 to
6 carbon atons, a hydrocarbyl carbonyl oxy group having 2
to 12 carbon atons, a hydroxy group, a carboxy group, a
hal ogen atom a trifluoronmethoxy group, a cyano group,

or a nitro group; Xi represents a single bond, an ester

bond, an ether bond, a sulfonic acid ester group, a
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sul f onam de group, an am de bond, or a phenyl ene group;
X2 represents a single bond or a hydrocarbyl ene group
having 1 to 20 carbon atonms when “p” represents 1, and X
represents a (p+l)-val ent hydrocarbon group having 1 to
20 carbon atons when “p” represents 2 or 3, and the
hydr ocar byl ene group and the (p+1)-val ent hydrocarbon
group may contain at | east one atom selected fromthe
group consi sting of an oxygen atom a sulfur atom a
nitrogen atom and a hal ogen atom Xz represents a single
bond or an ether bond; and Ari each independently
represents a (mn+1l)-val ent group derived from benzene

or napht hal ene, provided that at |east one of “n”s in
the fornmula represents 1 or nore,

(R3)|

Xa—SF3 ),

),

X3-SFs )n

Ar3

"

(R2)m

(@2)

wherein, “n” and “nf represent the sanme as defined
above, “|” represents an integer of 0 to 3, and at | east
one of the two “n”s and the two “1”s in the fornula
represents 1 or nore; R; and Xs represent the same as
defi ned above; and Rs represents the foll owi ng general
formula (a2-1); Ar, each independently represents a
(n+mtl +2) -val ent aromati ¢ hydrocarbon group having 6 to
30 carbon atons; and Arsz represents a (n+mtl +1)-val ent

group derived from benzene or naphthal ene,
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Rs = ——x3—x4—@—€x3*8|=5 )n (a2-1)

wherein, Xz and “n” represent the sane as above; X4
represents a single bond or a hydrocarbyl ene group
having 1 to 12 carbon atoms, and the hydrocarbyl ene
group may have at | east one selected fromthe group
consisting of a hydroxy group, a saturated
hydr ocar byl oxy group having 1 to 6 carbon atons, an

et her bond, an ester bond, and an am de bond; and Arg4
represents a (n+l)-valent group derived from benzene or
napht hal ene,

(R3) |
( X3_SF5 )n
R4
(R2)m
(@3)
wherein “n”, “ni, “1”, Arz, R, Rs, and Xz represent the

sanme as defined above; R4 represents a hydrogen atom or a
hydr ocar byl group having 1 to 10 carbon atons, and the
hydr ocar byl group may have an oxygen atom but does not
have a substituent having SFs; and at |east one of “n”

and “1” in the formula represents 1 or nore,

/PRKOJ—

(a4)

wherein Rz and Rs represent the same as defined above.

[ Cl ai m 4] The conposition for formng a film
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according to claim 3, wherein the repeating unit “a” is

represented by the fornula (al).

[ Clai m 5] The conposition for formng a film
according to claim2, wherein the polymer (a) further
conprises a repeating unit “bl” having a hydrophilic
group selected fromthe group consisting of an ether
bond, an ester bond, a hydroxy group, a carboxy group, a
sul f onam de bond, a sulfonimde bond, a sulfo group, a

| actone ring, a sultone ring, a carbonate bond, a

ur et hane bond, and an am de bond.

[ Cl ai m 6] The conposition for formng a film
according to claim2, wherein the conposition for
formng a filmis a conposition for form ng an organic
filmconprising (A) a resin or conpound for form ng an
organic film (B) the polyner (a); and (C) a solvent.

[Claim 7] The conposition for formng a film
according to claim6, wherein the conponent (B) is
contained in an amount of 0.01 to 5 parts by mass based
on 100 parts by mass of the conponent (A).

[ Cl ai m 8] The conposition for formng a film
according to claim6, further conprising (D) a photo-

acid generator or (E) a thermal acid generator.

[ Claim9] A nmethod for form ng an organic filmto be
used in a manufacturing process of a sem conductor
devi ce, the method conprising:

sSpin-coating a substrate to be processed
with the conposition for formng a filmaccording to any

one of claims 6 to 8; and
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forming a cured filmby heating the
substrate coated with the conposition for formng a film
at a tenperature of 100°C or higher and 600°C or | ower
for 10 to 600 seconds.

[ Claim10] A patterning process conprising:

form ng an organic filmon a body to be
processed by using the conposition for formng a film
according to cl aim 6;

formng a resist mddle layer filmon the
organic filmby using a silicon-containing resist mddle
| ayer filmmaterial;

form ng a resist upper layer filmon the
resist mddle layer filmby using a resist upper |ayer
filmmaterial conprising a photoresist conposition;

formng a circuit pattern in the resist
upper |ayer film

transferring the pattern to the resist
m ddl e | ayer film by etching while using the resist
upper layer filmhaving the fornmed circuit pattern as a
mask;

transferring the pattern to the organic
filmby etching while using the resist mddle |layer film
having the transferred pattern as a mask; and

further transferring the pattern in the
body to be processed by etching while using the organic
filmhaving the transferred pattern as a mask.

[Claim11] A patterning process conprising:

form ng an organic filmon a body to be
processed by using the conposition for formng a film
according to claim6;

formng a resist mddle layer filmon the
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organic filmby using a silicon-containing resist nmddle
| ayer filmmaterial;

form ng an organic antireflective filmor
an adhesive filmon the resist mddle layer film

form ng a resist upper layer filmon the
organic antireflective filmor the adhesive film by
using a resist upper layer filmmaterial conprising a
phot oresi st conposition;

forming a circuit pattern in the resist
upper |ayer film

transferring the pattern to the organic
antireflective filmor the adhesive filmand to the
resist mddle layer filmby etching while using the
resi st upper layer filmhaving the formed circuit
pattern as a mask

transferring the pattern to the organic
filmby etching while using the resist mddle |layer film
having the transferred pattern as a mask; and

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

[Claim 12] A patterning process conprising:

form ng an organic filmon a body to be
processed by using the conmposition for formng a film
according to claim6;

form ng an inorganic hard mask sel ected
fromthe group consisting of a silicon oxide film a
silicon nitride film and a silicon oxynitride film on
the organic film

form ng a resist upper layer filmon the
I norgani ¢ hard mask by using a resist upper layer film

mat eri al conprising a photoresist conposition;
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forming a circuit pattern in the resist
upper |ayer film

transferring the pattern to the inorganic
hard mask by etching while using the resist upper |ayer
filmhaving the formed circuit pattern as a nmask;

transferring the pattern to the organic
filmby etching while using the inorganic hard mask
having the transferred pattern as a mask; and

further transferring the pattern to the
body to be processed by etching while using the organic

filmhaving the transferred pattern as a nmask.

[Claim13] A patterning process conprising:

form ng an organic filmon a body to be
processed by using the conmposition for formng a film
according to claim6;

form ng an inorganic hard mask sel ected
fromthe group consisting of a silicon oxide film a
silicon nitride film and a silicon oxynitride film on
the organic film

form ng an organic antireflective filmor
an adhesive filmon the inorganic hard mask;

form ng a resist upper layer filmon the
organic antireflective filmor the adhesive film by
using a resist upper layer filmmaterial conprising a
phot or esi st conposition;

formng a circuit pattern in the resist
upper |ayer film

transferring the pattern to the organic
antireflective filmor the adhesive filmand to the
I norgani ¢ hard mask by etching while using the resist
upper layer filmhaving the fornmed circuit pattern as a

mask;
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transferring the pattern to the organic
filmby etching while using the inorganic hard mask
having the transferred pattern as a mask; and

further transferring the pattern to the
body to be processed by etching while using the organic

filmhaving the transferred pattern as a nmask.

[ Clai m 14] The patterning process according to claim
12 or 13, wherein the inorganic hard mask is formed by a
CVD nmet hod or an ALD net hod.

[Cl aim15] The patterning process according to any one
of claims 10 to 13, wherein the circuit pattern is
formed by a lithography using light having a wavel ength
of 10 nmor nore and 300 nmor less, a direct witing
with an el ectron beam nanoi nprinting, or a conbination
t her eof .

[Claim16] The patterning process according to any one
of clainms 10 to 13, wherein the circuit pattern is
devel oped with an al kali ne devel opnent or an organic

sol vent .

[Claim 17] The patterning process according to any one
of clains 10 to 13, wherein the body to be processed is
a sem conductor device substrate or the sem conduct or
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

[Clai m 18] The patterning process according to claim
17, wherein the netal constituting the body to be
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processed is silicon, titanium tungsten, hafnium
zirconium chrom um germani um copper, silver, gold,
alum num indium gallium arsenic, palladium iron

tantalum iridium nolybdenum or an alloy thereof.

[Claim 19] A patterning process conprising:

formng a resist filmon a substrate by
usi ng the conposition for formng a filmaccording to
any one of clainms 6 to 8;

exposing the resist filmto a high-energy
beam and

devel opi ng the exposed resist film by using
a devel oper.

[ Cl ai m 20] The patterning process according to claim
19, wherein the high-energy beamis a g-line, an i-line,
a KrF excimer |aser beam an ArF excinmer |aser beam an
ultraviolet ray, an electron beam or an extrene

ultraviolet ray having a wavel ength of 3 to 15 nm

[Claim21] A mononmer represented by the foll ow ng
general formula (ab),

\/Rx

\
4

I-a (a 5)

wherein R« represents a hydrogen atom or a net hyl group;

Xa represents a single bond, a phenylene group, a
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napht hyl ene group, or a linking group having 1 to 12
carbon atons and having an ester bond, an ether bond, or
a lactone ring, and may have an oxygen atom a nitrogen
atom a sulfur atom and/or a hal ogen atom and La
represents an acid-1labile group and has an aromatic
group having at | east one pentafluorosul fanyl group as a

substi tuent .

[ Claim22] The nononmer according to claim 21

represented by the follow ng general fornula (a6),

\{/Rx

Xa

/Qv\|
m(R13) (SFsh (. 6)

wherein Xa and R represent the sanme defined above; Riz1
and Ri2 each independently represent a |inear, branched,
or cyclic alkyl group having 1 to 12 carbon atons, a

| i near, branched, or cyclic al kenyl group having 2 to 12
carbon atons, a linear, branched, or cyclic al kynyl
group having 2 to 12 carbon atons, or an aryl group
having 5 to 10 carbon atoms, each of which may have an
oxygen atom and/or a sulfur atom and Ri1 and Ri2 may
bond to each other to forma ring; Riz each independently
represents a hydrogen atom a hal ogen atom an al kyl
group having 1 to 4 carbon atons, or an al koxy group;

“m represents an integer of 0 to 4; and “n” represents
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an integer of 1 to 3.

[ Cl ai m 23] A polymer having a repeating unit
represented by the follow ng general fornula (a7) and
havi ng a wei ght-average nol ecul ar weight in a range of
100 to 500, 000,

Rx

La (a 7)

wherein, R« represents a hydrogen atom or a nethyl group;
Xa represents a single bond, a phenyl ene group, a
napht hyl ene group, or a linking group having 1 to 12
carbon atons and having an ester bond, an ether bond, or
a lactone ring, and may have an oxygen atom a nitrogen
atom a sulfur atom and/or a hal ogen atony La
represents an acid-labile group and has an aromatic
group having at | east one pentafluorosul fanyl group as a
substi tuent.

[ Cl ai m 24] The polymer according to claim 23 having a
repeating unit represented by the follow ng general
formula (a8) and having a wei ght-average nol ecul ar

wei ght in a range of 100 to 500, 000,
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/XX
m(R13) ( (a 8)

wherein Xa and Rc represent the sanme defined above; Riz1

SFs)n

and Ri2 each independently represent a |inear, branched,
or cyclic alkyl group having 1 to 12 carbon atons, a

| i near, branched, or cyclic al kenyl group having 2 to 12
carbon atons, a linear, branched, or cyclic al kynyl
group having 2 to 12 carbon atons, or an aryl group
having 5 to 10 carbon atoms, each of which may have an
oxygen atom and/or a sulfur atom and Ri1 and Rz may
bond to each other to forma ring; Riz each independently
represents a hydrogen atom a hal ogen atom an al kyl
group having 1 to 4 carbon atons, or an al koxy group;

“m represents an integer of O to 4; and “n” represents

an integer of 1 to 3.



