DESCRI PTI ON

TI TLE OF | NVENTI ON: COVPOSI TI ON FOR FORM NG ORGANI C
FILM METHOD FOR FORM NG ORGANI C FI LM PATTERN FORM NG
METHOD, AND POLYMER

TECHNI CAL FI ELD
[ 0001]

As LSIs becone nore highly integrated and faster,
pattern rules are becom ng finer at a rapid pace. This
i's because 5G hi gh-speed comuni cations and artificial
intelligence (Al) are becom ng nore w despread, and
hi gh- performance devices are needed to process these.
The nost advanced m niaturization technology is extrene
ultraviolet (EUV) |ithography with a wavel ength of 13.5
nm which is used to mass-produce 5 nm node devi ces.
Further, the use of EUV lithography is being considered
for next-generation 3 nm node and subsequent next-
generation 2 nm node devi ces.

[ 0002]

As resist patterns become thinner in this way, it
beconmes difficult to form patterns using the single-
| ayer resist method, which is typically used as a nethod
for formng resist patterns. As a nethod for processing
fine patterns, it is known that a nulti-Ilayer resist
met hod i s superior, in which a pattern is fornmed by
stacking films with different dry etching properties in
order to forma pattern with a high aspect ratio on a
stepped substrate. A three-layer resist nethod (Patent
Docunent 1), which conbines a photoresist |ayer nmade of
an organi c photosensitive polyner used in the single-
| ayer resist method, an internedi ate | ayer nade of a

silicon-based polynmer or a silicon-based CVD film and a



under| ayer made of an organic pol ynmer, has been
devel oped and put into practical use.
[ 0003]

In this three-layer resist nethod, for exanple, an
organic film made of novolac or the like is uniformy
formed on the substrate to be processed as the resist
underlayer film a silicon-containing filmis forned
t hereon as the resist internediate filmand a typical
organi c photoresist filmis formed thereon as the resist
upper layer film When dry etching is performed with
fluorine-based gas plasm, the organic resist upper
| ayer film has a favorable etching selectivity to the
silicon-containing resist internediate film and thus
the resist pattern is transferred to the silicon-
containing resist intermediate filmby dry etching with
fluori ne-based gas plasma. According to this nethod,
when a resist conposition that is difficult to forma
pattern with a sufficient filmthickness for directly
processing a substrate to be processed or a resist
conposition that does not have sufficient dry etching
resi stance for processing a substrate is used, a pattern
can be transferred to a silicon-containing film and
then, performng pattern transfer using dry etching with
oxygen-based gas plasma all ows a novolac film pattern
having sufficient dry etching resistance for processing
to be obtained.

[ 0004]

Many technol ogi es for organic underlayer filnms such
as those descri bed above are already known (for exanple,
Pat ent Docunment 2), but with the recent advances in
m niaturization, there is an increasing need for
excel | ent enbeddi ng properties in addition to dry

etching properties. There is a need for organic



underl ayer filmmaterials that allows uniformfilm
formation even on the underlying substrate to be
processed with conpl ex shapes and materials, and that
have enbeddi ng properties that allows the required
pattern to be enbedded w t hout voi ds.

[ 0005]

The organi c underl ayer film described above is
formed using a coater/devel oper capabl e of perform ng
processes such as spin coating step, EBR step, and
baki ng step when manufacturing sem conductor substrates
and the |like. The EBR (Edge Bead Renpbval) step is a
step in which a coating is fornmed on the substrate
(wafer) by spin coating, and then the coating on the
edge of the substrate is renoved with a renpver to
prevent contam nation of the substrate transfer arm of
t he coater/devel oper.

The renmover used in the EBR step is a m xture of
propyl ene gl ycol nonomethyl ether acetate and propyl ene
gl ycol nononet hyl ether (30% by mass: 70% by mass), which
Is widely used in the EBR step of resist films and
resi st underlayer films (silicon-containing intermediate
films and organi c underlayer filnms).

[ 0006]

The renover used in the EBR step can cause the
outer periphery of the organic underlayer filmto becone
t hicker (a hunp). Hunps can cause defects in the dry
etching step used in substrate processing as described
above, and thus there is a demand for organic underl ayer
films that suppress hunps.

[ 0007]

For resist materials used in photolithography using

not only the organic underlayer film but also the

organi ¢ photosensitive polynmers descri bed above, the



solution is coated by the nmethod such as spin coating in
t he same manner as the organic underlayer film and then
baked to evaporate the solvent to forma film Like the
organi ¢ underlayer film the filmthickness after baking
must be uniformand flat, and the requirenments for
uniformty and flatness are becom ng stricter every

year.

BACKGROUND ART
[ 0008]

In recent years, there has been a demand for
thicker resist films for 3D-NAND nenory applications,
whi ch requires even greater flatness. As the film
t hi ckness increases, it becomes nore difficult to
achieve flatness within the film On the other hand, as
m ni aturization progresses, the filmthickness is
becom ng thinner, which increases the risk of pinhole
defects and the I|ike.

[ 0009]

The exanples of filmmterials using organic
substances used in sem conductor processing materials
are descri bed as above, but for filmform ng material s
t hat do not use organi c substances, obtaining a materi al
that forms a filmwith in-plane uniformty in film
t hi ckness and wi t hout pinholes is a great industrial
advant age.

[ 0010]

In recent years, the health effects of
perfluoroal kyl conpounds (PFAS) have been pointed out,
and there are noves to inpose restrictions on the
manuf acturing and sal e of PFAS conpounds under the EU
REACH. Perfluoroal kyl compounds 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

i ght, the perfluoroal kyl conpounds are used in a w de
range of applications such as water repellents, surface
treatment agents, enmulsifiers, fire extinguishing
agents, and coating agents, and thus there is an urgent
need to develop alternative materials that do not have
t he PFAS structure.

[0011]

As an exanpl e of the above-described material using
a perfluoroal kyl conmpound, a surfactant having a
fluoroal kyl group or a silicone chain is highly
effective in reducing surface tension, and especially,
fluoroal kyl group-based surfactants, which have a | ow
ri sk of generating silicon-derived particles after dry
ashing of the resist film are w dely used (Patent
Docunment 3 and 4). Further, fluorine-based surfactants
are used not only in resist materials, but also in
topcoats formed on the top layer of the resist and in
bottom antireflective filns formed on the bottom | ayer
of the resist (Patent Docunent 5).

[ 0012]

In view of future tightening of regulations, it is
necessary to use materials that do not fall under PFAS
regul ati ons. For exanple, surfactants having a
trifluoromethoxy group or a pentafluorosul fanyl group
and the use of these have been proposed as the
surfactants descri bed above (Patent Docunment 6). In
addition, in the field of resist materials, resist
mat eri al s using photoacid generators have al so been
proposed (Patent Document 7).

Cl TATI ON LI ST



PATENT LI TERATURE
[ 0013]

Pat ent Docunent JP 4355943 B

JP 2004- 205685 A
JP H6-186735 A
JP H6-214380 A
JP 2010-139822 A
JP 2008-526792 A

WO 2023-223624 Al

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

Pat ent Document
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Pat ent Docunent

SUMVARY OF | NVENTI ON
TECHNI CAL PROBLEM
[ 0014]

The present invention has been nade in
consi derati on of the above circunstances, and an obj ect
thereof is to provide a conposition for form ng an
organic film the conposition having excellent film
form ng properties (in-plane uniformty) and enbeddi ng
properties on a substrate (wafer), suppressing hunps
during the EBR step, and having excellent process
t ol erance when used as an organic underlayer filmfor a
multilayer resist, and a method for form ng an organic
film a pattern form ng nmethod using this conposition,

and a pol yner.

SOLUTI ON TO PROBLEM
[ 0015]

In order to achi eve the above object, the present
i nvention provides

a conposition for formng an organic film
cont ai ni ng:

(A) a resin or conpound for form ng an organic

film



(B) a polynmer having a partial structure (al)
represented by the follow ng general fornula (1) as a
repeating unit; and

(c) a solvent,

o O

R2R1 (1)

wherein Ry and R» are hydrogen atons or saturated
or unsaturated organic groups having 1 to 20 carbon
atonms, and have at | east one structure having fluorine
represented by the follow ng general fornula (2), at
| east one of Ri and R represents an organic group that
is not a hydrogen atom and * represents an attachnment

poi nt,
T
F F
*---CF, *--CF,---* "~ ~OCF3 *--SFs
F F
F (2)
wherein * represents an attachnment point.
[ 0016]

When the conposition for formng an organic film
contains a polynmer having such a partial structure in
the repeating unit, the surfactant effect required for
formng an organic filmcan be inparted by introducing a
specific fluorine structure into the repeating unit of
the polynmer, and the filmform ng properties at the tine
of coating can be inproved. When an appropriate
structure, such as pentafl uorobenzene or a

pent af | uorosul fanyl group, is selected as the structure



represented by Rt and R: in the present invention, the
structure does not belong to the PFAS classification and
is therefore advantageous fromthe viewpoi nt of
preventi ng environnental pollution, and can be expected
to be a highly versatile material as a surfactant for
organic fil ms.
[0017]

In addition, it is preferable that the repeating
unit (al) of the polymer (B) is a repeating unit
represented by the follow ng general fornula (3) or (4):

R3

0 S
O{—CHZmOMCm
RoR1 (3)

wherein Ry and R are as defined above, Rs
represents a hydrogen atom or a methyl group, and nl

represents an integer of 2 to 10,

0 O

Lo—&,—o%

R2R1 (4)

wherein Ry and R: are as defined above, R4
represents a dival ent organic group having 2 to 30
carbon atons, and nay contain an ether bond, an ester
bond, an am de bond, or a sulfide bond.
[ 0018]

When the conposition for formng an organic film
contains a polynmer having such a structure, the
interaction of the fluorine structure can be enhanced by

the action of the substituents Ri and R> in the repeating



unit, and favorable performance as a surfactant can be
i nparted, and thus the organic filmform ng material of
t he present invention can provide an organic film
formng material with excellent filmform ng properties
when various polynmers and conpounds are used.
[ 0019]

In addition, it is preferable that the polynmer (B)
is a copolyner having repeating units of the genera

formula (3) and the follow ng general formula (5):

Rs

3

O O—fR5—OxFTfRe—Ox;§R7 -

wherein Rs is as defined above, Rs and Rs are each
a straight-chain or branched dival ent al kyl ene group
having 1 to 4 carbon atons, R; is a hydrogen atom or an
al kyl group having 1 to 4 carbon atons, or a phenyl
group, mL is O to 23, nm2is O to 23, and 23 > nml + n2 >
2.

[ 0020]

As descri bed above, the conposition for form ng an
organic filmaccording to the present invention is an
organic filmformng material with excellent film
form ng properties, and the material is forned into a
copol ymer containing a repeating unit having a |inking
group such as (5) above, whereby the repeating unit (5)
contributes as a relaxation unit of an appropriate
aggregation structure, allowing the surface activity to
be adjusted. As a result, it is possible to provide an
organic filmformng material that is applicable to a
variety of filmthicknesses (independent of solution

concentration) and that achieve both enbeddi ng



properties and filmform ng properties.
[ 0021]

In addition, it is preferable that the fluorine-
cont ai ni ng organi c group represented by Rt or R of the
polymer (B) has at |east one structure represented by
any one of the follow ng general fornulae (6):

AN X
| —joCF —-0SF 1 sF
E £ _ 3 |/ 5 |/ 5
F

[ 0022]
As descri bed above, chem cal substance managenent

(6)

regardi ng PFAS regul ati ons has been strengthened, and
the fluorine atom a pentasul fanyl group, and an
aromati c group substituted with a pentasul fanyl group
shown above do not belong to the PFAS classification in
REACH. In addition, a difluoronmethoxy group and an
aromatic group substituted with fluorine atons do not
bel ong to the PFAS classification in OECD. Therefore,
t he conposition for formng an organic filmusing the
pol ymer of the present invention as a surfactant not
only inparts excellent filmform ng properties, but is
al so expected to be an environnental |y harnoni zed
material that is environnentally friendly.
[ 0023]

Further, the weight average nol ecul ar wei ght of the
polymer (B) is preferably 1500 to 30000.
[ 0024]

Wthin this range of wei ght average nol ecul ar
weight, it is possible to forman organic filmwth

excellent filmform ng properties and enbeddi ng

10



properties. |In addition, the contact angle of the film
surface after filmformtion can be controlled within an
appropri ate range, allow ng formati on of an organic
underl ayer filmsuitable for use in a nultilayer resist
process.

[ 0025]

Further, when the resin or conmpound for form ng an
organic film (A) has 100 parts by mass, the content of
the polymer (B) is preferably 0.01 parts by mass to 5
parts by mass.

[ 0026]

A conposition for form ng an organic film
contai ning the polynmer in such a content is preferable
because the fornmed organic filmhas nore favorable in-
pl ane uniformity.

[ 0027]

I n addition, the present invention provides a
met hod for formng an organic filmused in a process for
manuf acturing a sem conductor device, the nethod
i ncl udi ng spin-coating the above-descri bed conposition
for formng an organic filmon a body to be processed,
and heat-treating the substrate on which the conposition
for formng an organic film has been coated at a
tenperature of 100°C or nore and 600°C or less for a
period of 10 to 600 seconds, thereby form ng a cured
film
[ 0028]

The conposition for formng an organic film
according to the present invention is particularly
useful when enbeddi ng a pattern of a conplex shape on a
substrate to be processed by spin coating, form ng an
organic filmw th excellent in-plane uniformty, and

renmoving the organic filmat the edge while suppressing

11



hunmps in the EBR step
[ 0029]

The present invention provides a pattern formng
met hod, the nethod conprising: formng an organic film
on a body to be processed using the above conposition
for formng an organic film formng a silicon-
containing resist internmediate filmon the organic film
using a silicon-containing resist material containing
silicon atons; formng a resist upper layer filmon the
silicon-containing resist internediate filmusing a
resi st upper layer filmmterial including a photoresist
conposition; formng a circuit pattern on the resist
upper layer film transferring a pattern by etching to
the silicon-containing resist intermediate film using
the resist upper layer filmon which the circuit pattern
is formed as a mask; transferring a pattern by etching
to the organic filmusing the silicon-containing resist
intermediate filmin which the pattern is transferred as
a mask; and further transferring a pattern by etching to
t he body to be processed using the organic filmin which
the pattern is transferred as a mask.

[ 0030]

The conposition for formng an organic film
according to the present invention can be suitably used
in the pattern form ng nethod using a three-layer resist
process using such a silicon-containing resist
internmediate film
[ 0031]

I n addition, the present invention provides a
pattern form ng nmethod including: form ng an organic
filmon a body to be processed using the above
conposition for formng an organic film formng a

silicon-containing resist internediate filmon the

12



organic filmusing a silicon-containing resist materi al
containing silicon atonms; form ng an organic
antireflective filmor an adhesive filmon the silicon-
containing resist intermediate film formng a resist
upper |ayer filmon the organic antireflective film or

t he adhesive filmusing a resist upper layer film

mat erial including a photoresist conposition; formng a
circuit pattern on the resist upper layer filnm transfer
a pattern by etching to the organic antireflective film
or the adhesive filmand the silicon-containing resist
internmediate filmusing the resist upper |ayer filmon
which the circuit pattern is fornmed as a nmask;
transferring a pattern by etching to the organic film
using the silicon-containing resist intermediate filmin
which the pattern is transferred as a mask; and further
transferring a pattern by etching to the body to be
processed using the organic filmin which the pattern is
transferred as a mask.

[ 0032]

The conposition for formng an organic film
according to the present invention can be suitably used
in the pattern form ng nethod using a four-layer resist
process using such a silicon-containing resist
intermediate filmand an organic antireflective filmor
adhesive film
[ 0033]

I n addition, the present invention provides the
pattern form ng nmethod including: form ng an organic
filmon a body to be processed using the above
conposition for formng an organic film formng an
i norgani ¢ hard mask internmediate film selected froma
silicon oxide film a silicon nitride film and a

silicon oxide nitride filmon the organic film form ng

13



a resist upper layer filmon the inorganic hard mask
intermediate filmusing a resist upper |layer film

mat eri al including a photoresist conposition; formng a
circuit pattern on the resist upper layer film
transferring a pattern by etching to the inorganic hard
mask intermediate filmusing the resist upper layer film
on which the circuit pattern is forned as a mask
transferring a pattern by etching to the organic film
using the inorganic hard mask internediate filmin which
the pattern is transferred as a mask; and further
transferring a pattern by etching to the body to be
processed using the organic filmin which the pattern is
transferred as a mask.

[ 0034]

The conposition for formng an organic film
according to the present invention can be suitably used
in the pattern form ng nethod using a three-|layer resist
process using such an inorganic hard mask internedi ate
film
[ 0035]

I n addition, the present invention provides a
pattern form ng nethod including: form ng an organic
filmon a body to be processed using the above
conposition for formng an organic film formng an
I norgani ¢ hard mask internediate film selected froma
silicon oxide film a silicon nitride film and a
silicon oxide nitride filmon the organic film form ng
an organic antireflective filmor an adhesive filmon
the inorganic hard mask internediate film formng a
resi st upper layer filmon the organic antireflective
filmor the adhesive filmusing a resist upper |ayer
filmmaterial including a photoresist conposition;

formng a circuit pattern on the resist upper |ayer

14



film transferring a pattern by etching to the organic
antireflective filmor the adhesive film and the

i norgani ¢ hard mask internmediate filmusing the resist
upper layer filmin which the circuit pattern is forned
as a mask; transferring a pattern by etching to the
organic filmusing the inorganic hard mask internedi ate
filmin which the pattern is transferred as a mask; and
further transferring a pattern by etching to the body to
be processed using the organic filmin which the pattern
Is transferred as a mask.

[ 0036]

The conposition for formng an organic film
according to the present invention can be suitably used
in the pattern form ng nethod using a four-layer resist
process using such an inorganic hard mask i nternedi ate
filmand an organic antireflective film or adhesive
film
[ 0037]

Thus, the conposition for formng an organic film
according to the present invention can be suitably used
in various nethods for formng a pattern, such as a
t hree-layer resist process using a silicon-containing
resist internediate filmor an inorganic hard mask
internediate film and a four-layer resist process using
an organic antireflection filmor an adhesive filmin
addition to these, and such a pattern form ng nethod
according to the present invention can transfer and form
the circuit pattern of the resist upper layer filmon
t he body to be processed with high precision.

[ 0038]

I n addition, the inorganic hard mask intermedi ate
filmis preferably fornmed by a CVvD nmet hod or an ALD
met hod.

15



[ 0039]

In the pattern form ng nmet hod according to the
present invention, for exanple, an inorganic hard nask
internediate filmcan be formed by such a nethod.

[ 0040]

In addition, in formng the circuit pattern, the
circuit pattern can be formed by |ithography using |ight
havi ng a wavel ength of 10 nm or nore and 300 nm or |ess,
direct drawi ng by an el ectron beam nanoinprinting, or a
conbi nati on thereof.

[ 0041]

In the pattern form ng nmet hod according to the
present invention, the circuit pattern can be formed by
such a met hod.

[ 0042]

In addition, in formng the circuit pattern, it is
preferable to develop the circuit pattern by an al kal
devel oper or an organic solvent.

[ 0043]

In the pattern form ng method according to the
present invention, form ng nmeans and devel opi ng nmeans of
such a circuit pattern can be suitably used.

[ 0044]

I n addition, provided is the above pattern form ng
met hod, in which the body to be processed is a
sem conductor device substrate, or the sem conductor
devi ce substrate on which any one of a netal film a
metal carbide film a metal oxide film a metal nitride
film a metal oxide carbide film and a netal oxide
nitride filmis forned.

[ 0045]

Wth the pattern form ng method according to the

present invention, a pattern can be forned by processing

16



the body to be processed as descri bed above.
[ 0046]

There is provided a pattern form ng nethod using,
as the netal constituting the body to be processed,
silicon, titanium tungsten, hafnium zirconium
chrom um germanium copper, silver, gold, alum num
indium gallium arsenic, palladium iron, tantalum
iridium nolybdenum or an alloy thereof.

[ 0047]

In the pattern form ng nmethod according to the
present invention, a pattern can be formed by using the
above netal.

[ 0048]

The present invention provides a polyner that has a

partial structure (al) represented by the foll ow ng

general formula (1) as a repeating unit:

0O O

R2R1 (1)

wherein R; and R are hydrogen atoms or saturated
or unsaturated organic groups having 1 to 20 carbon
atoms, and have at | east one structure having fluorine
represented by the follow ng general fornula (2), at
| east one of Ry and R represents an organic group that
is not a hydrogen atom and * represents an attachnent

poi nt,

*---CF, *--CFp---* "~ ~OCF;3 *--SFs
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wherein * represents an attachnment point.
[ 0049]

The present invention provides a polyner in which
the repeating unit (al) of the polymer is a repeating
unit represented by the follow ng general formula (3) or

(4):

R3

iﬁ o o
O%CHZ}FOMCHQ,
R2 R1 ( 3 )

wherein Rt and R are as defined above, Rs
represents a hydrogen atomor a methyl group, and nl

represents an integer of 2 to 10,

0 O

Lo—&,—o%

R2R1 (4)

wherein Ry and R are as defined above, R4
represents a dival ent organic group having 2 to 30
carbon atons, and may contain an ether bond, an ester
bond, an am de bond, or a sulfide bond.
[ 0050]

A pol ymer having such a structure can enhance the
I nteraction due to an action of Ri and R» including
fluorine atons that are the substituents in the
repeating unit, and can inpart favorable filmform ng
properti es when the polynmer of the present invention is
used as a surfactant.
[ 0051]

18



In this case, it is preferable that the polyner is
a copolynmer having the repeating units of the above

general formula (3) and the follow ng general fornula

(5).

R

e

O ojﬁRs,—o)HfRe—o)ER? .

wherein Rs is as defined above, Rs and Rs are each
a liner-chain or branched dival ent al kyl ene group havi ng
1 to 4 carbon atons, Rs is a hydrogen atom an al kyl
group having 1 to 4 carbon atons, or a phenyl group, ml
Is 0Oto 23, nm2is O0to 23, and 23 > ml + n2 > 2.

[ 0052]

As descri bed above, a copolyner including a
repeating unit such as that shown in (5) functions as a
unit that rel axes the aggregate structure of the a
repeating unit containing a fluorine unit when the
pol ymer of the present invention is used as a
surfactant, and it can be expected to be a material that
can forma filmw thout dependi ng on organi c conpounds
or resins when the polynmer of the present invention is
used as a surfactant.

[ 0053]

In addition, it is preferable that the fluorine-
containing structure represented by Rt or R of the
pol yner has at |east one structure of the follow ng
general formula (6).
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[ 0054]

As descri bed above, a polyner having a fluorine
structure such as the above can be expected to be a
material with low environnmental inpact. |In particular,
t he polynmer can be expected to be an environnentally
har noni zed material that can conply with recent PFAS
regul ati ons.

ADVANTAGEOUS EFFECTS OF | NVENTI ON
[ 0055]

As descri bed above, the present invention can
provi de the conposition for formng an organic film in
which the filmform ng properties (in-plane uniformty)
and enbeddi ng properties on a substrate (wafer) are
excellent, and the filmform ng properties on an organic
filmwhen used as an organi c underlayer filmare
excell ent, and hunps during the EBR step are suppressed.
Further, the copolymer which is formed by conbini ng
specific units, allow ng achievenent of application to
various organic filmformng materials. |In particular,
t he conposition for formng an organic filmaccording to
t he present invention is excellent in filmformng
properties, enbeddi ng properties, and hunp suppression
properties that occur during the EBR step, and is
therefore extrenely useful as an organic film materi al
for use in a nmultilayer resist process, such as a two-
| ayer resist process, a three-layer resist process using

a silicon-containing resist internmediate filmor an

20



i norgani ¢ hard mask intermediate film or a four-I|ayer
resi st process using a silicon-containing resist
intermediate filmor an inorganic hard mask intermedi ate
filmand an organic antireflection film or as a film
formng material for sem conductor device manufacturing,
such as a photoresist material or a silicon-containing
resist intermediate filmmaterial. Therefore, the
organic filmform ng nmethod of the present invention can
forman organic filmw th suppressed hunps, thereby

al l ow ng efficient manufacturing of sem conductor

el ements and the |ike.

BRI EF DESCRI PTI ON OF DRAW NGS
[ 0056]

FIG 1 is an exanple of a graph in which hunp
hei ght was neasured using a contact profiler in a
conposition for formng an organic filmin which hunps
wer e suppressed;

FIG 2 is an exanple of a graph in which hunp
hei ght was nmeasured using a contact profiler in a
conposition for formng an organic filmin which hunps
wer e not suppressed;

FIG 3 is an explanatory view of an exanple of a
pattern form ng nmethod using the three-|ayer resist
process of the present invention; and

FIG 4 is an explanatory view of a method for

eval uati ng enbeddi ng properties in the exanples.

DESCRI PTI ON OF EMBODI MENTS
[ 0057]

The present invention will be described in nore
detail below. As described above, there has been a

demand for a material that not only provides film
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form ng properties as an organic filmmaterial, but also
has a surfactant effect with a |l ow environnmental i npact
in particular. 1In addition, there has been a demand for
devel opnent of a conposition for form ng an organic
film in which the filmformng properties (in-plane

uni formty) and enbeddi ng properties are excellent on a
substrate (wafer) when the organic filmmaterial is used
as an organi c underlayer filmmmaterial, and hunps during
the EBR step are suppressed.

[ 0058]

Typically, when formng an organic film the resin
for formng the organic filmand additives are dissol ved
in an organic solvent to forma conposition, which is
coated to a substrate on which structures, wring, or
the like are fornmed using a coater/devel oper, the
conposition is spread as the substrate rotates, and the
conposition at the edges is renoved in the EBR step,
after which the organic filmis fornmed by baking. Wen
t he surfactant effect of the conposition is
insufficient, the surfactant will be unevenly
distributed in the film causing voids to be formed when
enbeddi ng holes or trenches with significantly high
aspect ratios, and when the resin for formng the
organic filmand additives have poor solubility in the
renover used in the EBR step, hunps are considered to be
formed on the outer periphery of the organic film The
i nventors further perfornmed intensive research and found
t hat bl endi ng a polymer having a specific repeating unit
into a conposition for formng an organic filmresults
in a conposition for formng an organic filmin which
the filmform ng properties, high-level enbedding
properties, and hunp suppression during the EBR step are

excell ent, and thus conpleted the present invention. In
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addition, by selecting a specific substituent structure,
it is expected that the environmental inpact is reduced,
and the conposition for formng an organic filmis
i ndustrially useful.
[ 0059]

That is, the present invention is a conposition for
form ng an organic film containing:

(A) a resin or conpound for form ng an organic
film

(B) a polyner having a repeating unit of the
partial structure (al) represented by the foll ow ng
general formula (1); and

(C) a solvent,

o O

RaR (1)

wherein Ry and R» are hydrogen atons or saturated
or unsaturated organic groups having 1 to 20 carbon
atonms, and have at | east one structure having fluorine
represented by the follow ng general fornula (2), at
| east one of Ry and R» represents an organic group that
is not a hydrogen atom and * represents an attachnment
poi nt,

*---CF, *--CF,---* "~ ~OCF3 *--SFs

wherein * represents an attachnment point.
[ 0060]
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I n addition, the present invention is a polyner
having a partial structure (al) represented by the

followi ng general fornula (1) as a repeating unit.

o O

R2R1 (1)

wherein R and R» are hydrogen atons or saturated
or unsaturated organic groups having 1 to 20 carbon
atoms, and have at | east one structure having fluorine
represented by the follow ng general fornula (2), at
| east one of Ry and R» represents an organic group that
is not a hydrogen atom and * represents an attachnment
poi nt,

*---CF, *--CF,---* "~ ~OCF3 *--SFs

wherein * represents an attachnment point.

[ 0061]

The present invention will be described in detail
bel ow, but the present invention is not limted thereto.
[ 0062]

[ Pol ymer (B)]
The polymer (B) of the present invention is a
pol ymer having a partial structure (al) represented by

the follow ng general formula (1) as a repeating unit:
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o O

Ro R4 (1)

wherein R and R» are hydrogen atons or saturated
or unsaturated organic groups having 1 to 20 carbon
atoms, and have at | east one structure having fluorine
represented by the follow ng general fornula (2), at
| east one of Ry and R» represents an organic group that
is not a hydrogen atom and * represents an attachnment
poi nt,

*---CF, *--CF,---* "~ ~OCF3 *--SFs

wherein * represents an attachnment point.
[ 0063]

The fluorine-containing substituents Ry and Ry
included in the repeating units of the polyner (B) are
preferably aromatic groups substituted with fluorine
atonms, aromatic groups substituted with trifluoronmethoxy
groups, aromatic groups substituted with
pent af | uor osul fanyl groups, and aromatic groups

substituted with pentafl uorosul fanyl oxy groups, as shown

bel ow.
X X
—locF = N
i i I/ 3 |/OSF5 |/SF5
F (6)
[ 0064]

The above structure does not subject to under the

PFAS regul ations, and thus can be expected to be used as
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a polynmer for organic filmform ng materials having a
fluorine structure.
[ 0065]

The repeating unit (al) of the polymer (B) is
preferably a repeating unit represented by the follow ng
general formula (3) or (4):

Rs
A G
o
o{—CHZ}FOMCHQ,
R2 R1 ( 3 )

wherein Ry and R; are as defined above, R
represents a hydrogen atom or a methyl group, and nl

represents an integer of 2 to 10,

O O

Jvo—R‘,—o)SeL%

R, R4 (4)

wherein Ry and R are as defined above, and R4
represents a dival ent organic group having 2 to 30
carbon atons and may contain an ether bond, an ester
bond, an am de bond, or a sulfide bond.
[ 0066]

[ Pol ymer: Pol ynmer (al-1) having repeating unit
represented by general fornula (3)]

Mononmers used to obtain polyner (al-1) having a
repeating unit represented by the general fornula (3)
i nclude, but are not limted to, those shown below. In

the followng formula, Rt is as defined above.
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[ 0067]
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[ 0068]
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[ 0087]

The wei ght average nol ecul ar wei ght (Mw) of the
polymer (al-1) in terms of polystyrene, as determ ned by
gel perneation chromatography (GPC) using THF as a
solvent, is preferably 1000 to 500000, nore preferably
1500 to 30000, and still nore preferably 2000 to 30000.
Further, when the nol ecular weight distribution (Mv M)
of the polymer (al-1) is broad, the presence of |ow
nol ecul ar wei ght and hi gh nol ecul ar wei ght pol ymers

arise a risk of the precipitation of foreign substances
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derived fromthe ultra-high nolecular weight in the
coating filmand the deterioration of the in-plane
uniformty of the coating filmderived fromthe | ow
mol ecul ar weight. In addition, as mniaturization
progresses, substrate shapes becone nore conpl ex,
requiring highly accurate filmformation onto a variety
of substrate shapes, and thus Mv and MM Mn nust al so be
controlled. Therefore, in order to obtain an organic
filmmterial suitable for fine pattern processing, it
is preferable that the MvW Mh of the polyner (al-1) is
narrow y dispersed, i.e., 1.0 to 4.0, particularly 1.0
to 3.0. There are concerns about a decrease in the
surfactant effect due to | ow nol ecul ar wei ght
conponents, and a decrease in solubility due to the
i ncl usi on of wultra-high nolecular weight conponents,
which can |lead to deterioration of hunp properties and
the like, and thus it is preferable to narrow the
di spersity within a range in which these conponents are
not contained in | arge anmounts.
[ 0088]

The polymer (al-1) may contain two or nore polyners
with different composition ratios, My, and Mw M.
[ 0089]

The polynmer (al-1) can be obtained by polynerizing
a nononer that provides a repeating unit selected from
the repeating units (al-1) by a nethod such as radical
pol ymeri zati on, anionic polynerization, or cationic
pol yneri zati on.
[ 0090]

When the polynmer (al-1) contains two or nore types
of repeating units, the polymer may be a random
copolymer or a bl ock copolymer, but a block copol yner

has the feature of being nore effective as a surfactant.
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In particular, a block copol ymer containing repeating
units (al) and (bl) is preferable. The bl ock copol yner
may be a di bl ock copol yner including two units, a
triblock copolynmer including three units, or a
tetrabl ock copol yner including four units.

[ 0091]

I n addition, the polyner (al-1) is preferably a
copolymer with a repeating unit having a hydrophilic
group having an ether bond, as shown in the general
formula (5). Containing a repeating unit having a
hi ghly water-repellent fluorine atom as shown in the
general formula (3), and a repeating unit having a
hydrophilic group (5) allows to inpart sufficient
I nprovenent in the filmform ng properties,

Rs

\i\),

O O—fR5—Ox;TfRe—O%;§R7 -

wherein Rs is as defined above, Rs and Rs are each a
| i near or branched dival ent al kyl ene group having 1 to 4
carbon atoms, R; is a hydrogen atom an al kyl group
having 1 to 4 carbon atons, or a phenyl group, nmlL is O
to 23, m2 is 0 to 23, and 23 >mM + n2 > 2.
[ 0092]

The above Rs and Res each represent a dival ent
al kyl ene group having 1 to 4 carbon atons, which may be
i near or branched. Specific exanples of the dival ent
al kyl ene group having 1 to 4 carbon atoms, which may be
| i near or branched, include a nethylene group, an
et hyl ene group, a propylene group, a butylene group, a
trimethyl ene group, and a tetranethylene group. Of

t hese, an ethylene group is nore preferable fromthe
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vi ewpoint of elimnating voids in filmform ng
properties. The disposition of (RO and (RsO may be
random bl ock, or nmultibl ock.

[ 0093]

The above R; represents a hydrogen atom an al kyl
group having 1 to 4 carbon atons, or a phenyl group.
Speci fic exanples of the alkyl group having 1 to 4
carbon atons include a nethyl group, an ethyl group, a
propyl group, an isopropyl group, an allyl group, an n-
butyl group, an s-butyl group, a t-butyl group, and an
I sobutyl group. O these, a hydrogen atom a nethyl
group or an ethyl group, and a phenyl group are nore
preferable. Fromthe viewpoint of availability of raw
materials, a hydrogen atomor a nmethyl group is
pr ef er abl e.

[ 0094]
The above ml is O to 23, n2 is 0 to 23, 23 > ml +

n2 > 2. Herein, mlL and n2 represent the average nunber
of repetitions. The upper Iimt of mL + n2 is 23, and
fromthe viewpoint of |lowtenperature storage stability,
it is preferably 2 < ml + n2 < 13, and nore preferably 9
<m + n2 < 13.
[ 0095]

Speci fic exanpl es of nononers used to provide a
pol ymer having a repeating unit represented by the above

general formula (5) include the foll ow ng.
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[ 0098]

I n the copolymer, when the ratio of the repeating
unit represented by the general formula (3) is (al-1),
and the ratio of the polymer represented by the general
formula (5) is (bl), and then the content ratio is
preferably O (al-1) < 1.0 and 0 < (bl) < 1.0, nore
preferably 0.1 < (al-1) < 0.9 and 0.1 < (bl) £ 0.9, and
further preferably 0.2 < (al-1) £ 0.8 and 0.2 < (bl) <
0.8. Provided that (al-1) + (bl) = 1.0.

[ 0099]
Further, the polynmer can be used by conbini ng one

IN

or nore of each of the nonomers providing the structura
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unit represented by the general fornula (3) and the
nonomers providing the structural unit represented by
t he general fornula (5). For exanple, in order to
I nprove the filmform ng properties, it is possible to
appropriately select conbining a plurality of nononers
t hat provide the repeating units of (3), conbining a
plurality of mononers that provide the repeating unit
represented by (5), or using a plurality of nonomers
t hat provide the repeating units of (3) and (5)
respectively, according to the properties of the resins
and conmpounds used in the organic filmto be appli ed.
This makes it possible to adjust the performance to
provide the desired filmform ng properties according to
the resins and conmpounds used in the organic film
formng material, for single conpounds such as phenolic
resins, radical polynmers, polyimdes, and polyi m nes,
pol ycarbonates, nultifunctional phenolic conpounds.
[ 0100]

[ Met hod for manufacturing polynmer (al-1)]

As a nethod for manufacturing the polyner (al-1),
t he polymer can be obtained by polymerization using a
met hod such as radical polynerization, anionic
pol ymeri zati on, or cationic polynerization, as described
above. As an exanple, the follow ng nethod is shown, in
whi ch nononmers are polynerized by adding a radical
pol ymeri zation initiator in an organic solvent, foll owed
by heati ng.
[0101]

Exanpl es of the organic solvents used during
pol yneri zati on include toluene, benzene, THF, diethyl
et her, di oxane, cycl ohexane, cycl opentane, methyl ethyl
ketone (MEK), propylene glycol nononethyl ether acetate

(PGVEA), and y-butyrolactone (GBL). Exanples of the
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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-

met hyl propi onate), 1, 1'-azobis(1-acetoxy-1-phenyl ethane),
benzoyl peroxide, and | auroyl peroxide. The anpount of
these initiators added is preferably 0.01 to 25 nol %
with respect to the total anmount of nononers to be

pol ymeri zed. The reaction tenperature is preferably 50
to 150°C, nore preferably 60 to 100°C. The reaction tine
is preferably 2 to 24 hours, and fromthe vi ewpoi nt of
manuf acturing efficiency, nore preferably 2 to 18 hours.
[0102]

The polymerization initiator may be added to the
mononmer solution and fed to the reaction vessel, or an
initiator solution may be prepared separately fromthe
mononmer solution and fed to the reaction vessel
separately. During the waiting tinme, radicals generated
fromthe initiator may cause the polynerization reaction
to proceed, resulting in the production of ultra-high
nol ecul ar wei ght nol ecul es, and thus fromthe vi ewpoi nt
of quality control, it is preferable to prepare the
nonomer solution and the initiator solution separately
and add them dropwi se. In addition, known chain
transfer agents such as dodecyl nercaptan and 2-
nmer capt oet hanol may be used in conbination to adjust the
nol ecul ar weight. In this case, the anmount of these
chain transfer agents added is preferably 0.01 to 20
nmol % with respect to the total amount of nononers to be
pol yneri zed.

[0103]

The anount of each nonomer in the nmononmer sol ution

may be appropriately set such that the polynmer has a

preferable content ratio of each repeating unit
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according to the required performance.
[ 0104]

For the polynmer obtained by the above-described
manuf acturi ng net hod, the reaction solution obtained by
t he polynerization reaction my be the final product, or
t he powder obtained through a purification step such as
a reprecipitation nethod in which the polynerization
solution is added to a poor solvent to provide a powder
may be handl ed as the final product, and fromthe
vi ewpoi nt of work efficiency and quality stabilization,
it is preferable to handle the polyner solution obtained
by di ssolving the powder obtained by the purification
step in a solvent as the final product.

[ 0105]

Specific exanples of the solvent to be used in this
case include ketones such as cycl ohexanone and net hyl - 2-
n- pentyl ketone,; alcohols such as 3-methoxybutanol, 3-
nmet hyl - 3- met hoxybut anol, 1-nmet hoxy-2-propanol, and 1-
et hoxy-2- propanol ; ethers such as propylene glycol
nononet hyl ether (PGVE), ethylene glycol nmononethyl
et her, propylene glycol nonoethyl ether, ethylene glycol
nonoet hyl et her, propylene glycol dinmethyl ether, and
di et hyl ene glycol dinethyl ether; esters such as PGVEA,
propyl ene glycol nonoethyl ether acetate, ethyl lactate,
et hyl pyruvate, butyl acetate, nethyl 3-
met hoxypropi onate, ethyl 3-ethoxypropionate, tert-butyl
acetate, tert-butyl propionate, propylene glycol nono-
tert-butyl ether acetate; |actones such as GBL; al cohols
such as di acetone al cohol (DAA); high-boiling al cohol
sol vents such as diethyl ene glycol, propylene glycol,
gl ycerin, 1,4-butanediol, and 1, 3-butanediol, as
descri bed in paragraphs [0144] to [0145] of JP 2008-
111103 A, and m xed sol vents of these.
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[0106]

The concentration of the polymer in the solution in
a case of handling the polymer solution is preferably
0.1 to 60% by nmass, nore preferably 1 to 50% by nmss.
When the concentration is too high, the viscosity
i ncreases and handling performance decreases. In
addi ti on, when the concentration is too |ow, the polymer
and conpound solution nust be diluted to a | arge extent
in order to add a specified amunt of surfactant to the
product when the polymer and conpound are used as an
organic filmformng material in solution, which narrows
the filmthickness range that can be produced, causing a
di sadvant age.

[0107]

The polymer solution is preferably filtered.
Filtering can renove foreign matter and gels that nay
cause poor filmformation, and is effective in
stabilizing quality.

[0108]

Filter materials used in the filter filtration
i nclude fluorocarbon-based, cellul ose-based, nylon-
based, pol yester-based, and hydrocarbon-based material s,
and in the filtration step of the chem cal anplification
resi st conposition, filters nmade of fluorocarbons, so-
call ed Teflon (registered trademark), hydrocarbons such
as pol yethyl ene and pol ypropyl ene, or nylon are
preferable. The pore size of the filter can be
appropriately selected according to the target
cleanliness, and is preferably 100 nmor |ess, nore
preferably 20 nmor less. In addition, these filters
may be used singly or may be used in conbination
thereof. The filtration nmethod may be to pass the
solution through the filter only once, but it is nore
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preferable to circulate the solution and filter a
plurality of times. The filtration step may be
perfornmed in any order and any nunber of times in the
manuf acturing step of the polynmer solution, but it is
preferable to filter the reaction solution after the
pol ymeri zati on reaction, the polynmer solution, or both.
[0109]

Further, when random copol ynerization is performed
by radical polynerization, it is conmobn to mx the
nmononers to be copol ynerized and a radical initiator and
pol ynmeri ze by heating. Wen the first nononmer is
pol ymeri zed in the presence of a radical initiator and
t he second nononer is added later, the polynmer nolecule
has a bl ock polynerized with the first nonomer on one
side and a bl ock polynerized with the second nononer on
t he other side. However, in this case, the repeating
units derived fromthe first and second nononers are

m xed in the mddle noiety, and the formis different

fromthat of a block copolymer. In order to forma
bl ock copol yner by radical polynerization, |iving
radi cal polynerization is preferably used. 1In the

l'iving radical polynerization nmethod call ed Reversible
Addi tion Fragnmentation chain Transfer (RAFT)

pol ynmeri zation, the radicals at the polyner end are

al ways alive, and thus it is possible to start

pol ymeri zation with the first nmononer, and when it is
consunmed, add the second nmononer to form a bl ock
copolynmer including the first and second repeating
units. When polynmerization is started with the first
nononmer, and when it is consumed, the second nononer is
added, and then the third nmonomer is added, a triblock
copolynmer can be formed. RAFT polynerization also has a

feature of the formation of narrow-dispersity pol yners.
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[0110]

Exanpl es of the organic solvents used during
pol ymeri zati on i nclude toluene, benzene, tetrahydrofuran
(THF), diethyl ether, and di oxane. Exanples of the
pol yneri zation initiators include 2,2'-
azobi si sobutyronitrile (AIBN), 2,2'-azobis (2, 4-

di met hyl val eronitrile), dinmethyl 2,2-azobis (2-

met hyl pr opi 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.

[0111]

A chain transfer agent is required to perform RAFT
pol ynmeri zati on, and Specific exanples thereof include 2-
cyano- 2- propyl benzot hi oate, 4-cyano-4-
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 ocar bonyl ) sul f anyl ] pentanoi ¢ aci d,

2- (dodecyl t hi ocar bonot hi oyl t hi 0) - 2- met hyl pr opanoi ¢ aci d,
cyanonet hyl dodecyl t hi ocar bonate, cyanomethyl N- nethyl -
N- phenyl car banot hi oate, bis (thiobenzoyl) disulfide, bis
(dodecyl sul fanyl t hi ocarbonyl) disulfide. O these, 2-
cyano- 2- propyl benzothioate is the nost preferable.
[0112]

When the nononers are added all at once and RAFT
pol ymeri zation is performed, randomy polynerized and
narrowl y di spersed pol ynmer can be synt hesi zed.

[0113]

[ Anot her nmet hod for manufacturing polyner (al-1)
having a repeating unit represented by the general
formula (3)]

As anot her nethod for manufacturing the pol yner

(al-1), as shown below, a nononer having an
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acetyl acetone structure is polynerized in an organic

sol vent by adding a radical polynerization initiator and
heating (step 1), and then the nonomer is subjected to
an addition reaction with a halide having Ri or R: as a
substituent, mesylate, tosylate, or the like in the
presence of a base catalyst (step 2) (in the follow ng
formula, X represents a halide, a nesylate, or a
tosylate, Ri, R (provided that R: is other than a
hydrogen aton), Rs, and nl are as defined above).

R17X

R Rs or/and Re

3 -

of U polymerization iﬁ U Ry=X iﬁ o o
——

ofcH;}—0 CHy ———— ofcH;}—0 CH, otcrg}—o Mcm
(Step1) (Step2)
[0114]

When using the above reaction nmethod, there are two
reactive sites for the repeating unit of the polyner
because of the reaction selectivity, and thus a reaction
rate of 100% neans that Rt and R: are conpletely
i ntroduced as substituents, and when Ry is not R, the
followi ng three types are obtained, and when R = R, =
R, one type is obtained. 1In addition, when the
reaction rate is less than 100% it is possible to
obtain polynmers with repeating units with a plurality of
conbi nati ons as shown below. When Ry is not Ry, the
follow ng six types are obtained, and when R, = R. = R
two types are obtained. Adjusting the overall charge
ratio allows control of the reaction rate for al
reactive sites, and a plurality of or single
substituents corresponding to Rt and R. can be conbi ned
to suit the required performance. For exanple, when the

substitution rate in the repeating unit of the polymer
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Is 100, the ratio of substitution with R. and R is “a”,
and the ratio of unnodified hydrogen atons is “b”, then
0 <a+ b <100, with 0.5 < a < 1.0 being preferable,

and 0.7 < a < 1.0 being nore preferable. In this case, a
pol ymer including a repeating unit shown bel ow by a
relationship of Rt and R: i s provided.

[0115]
[ Case where reaction rate is 100%
R1 # R2
R3 R3 R3
J:)I} o O /ir 0O O /ijj} 6 0O
oft-CHz) OMCHs of-cHy)— oé{iam O CHat OM%
R1=R2=R'

R3
O O

iy

0+-cH; — oi}('i\cm
[ Case where reaction rate is |l ess than 100%
R1 # R2

R3 R3

o O

Rs
0 o 0 0 J(f
%CHJ—OMC% ifo{—CHz OJ>(U\CH3 ’ O%CHzﬁOMCHs
nMoRY R MRS Ry "R{ R

Rs

R3 R3
o o J«f J«f
0 0 o 0 0
0
O%CHﬁFOMCH?’ ot-CHy)— O)RS(:'J\CHs ° o{—CHz)ﬁo)i?(:'J\CHs
2
R1=R2=R'
R3 R3
J;I} ¢ 0 i/f 0 o
0
O%CHszMCHs o{—CHz)ﬁoi}(:\cm
[0116]

Regarding a nethod to obtain the polynmer, the above
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pol yner can be obtained by the nmethod described in

par agraphs [0100] to [0112], sinply by changing the
nonomers in the polynerization of step 1 to those
corresponding to the precursors. The polynmer obtained
in Step 1 can be used in the addition reaction of step
2.

[0117]

Exanpl es of the base catal ysts used in the
substitution reaction of step 2 include inorganic base
conpounds such as sodi um hydrogen carbonate, sodi um
carbonate, potassium carbonate, cal cium carbonate,
cesi um car bonate, sodi um hydroxi de, potassi um hydroxi de,
sodi um hydri de, and potassi um phosphate, and organic
am ne conpounds such as triethylam ne, pyridine, and N-
met hyl nor phol i ne, and these may be used singly or in
conbi nation of two or nore. The amount of the catalyst
used ranges fromO0.1 to 20 noles, preferably 0.2 to 10
noles, with respect to the nunber of noles of the raw
materi al am de aci d.

[0118]

The solvent used in this reaction is not
particularly limted as long as it is inert to the above
reaction, and for exanple, ether-based solvents such as
di et hyl ether, tetrahydrofuran, and di oxane, aromati c-
based sol vents such as benzene, toluene, and xyl ene,
acetonitrile, dimethyl sulfoxide, N, N-dinethylforman de,
N- met hyl pyrrol i done, and water can be used singly or in
conbi nation. These solvents can be used in an anount
ranging fromO to 2000 parts by mass with respect to 100
parts by mass of the reaction raw materials, and the
reaction tenperature is preferably about from -50°C to
the boiling point of the solvent, and nore preferably

fromroomtenperature to 150°C. The reaction tinme is
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appropriately selected fromO0.1 to 100 hours.
[0119]

The reaction method includes a nethod of charging
t he polynmer obtained in step 1, the halide, nesylate, or
tosylate having Rt and R, as substituents, and the
catalyst all at once, a nethod of dispersing or
di ssol ving the polynmer obtained in step 1 and the
hal i de, mesylate, or tosylate having Rt and R as
substituents, and then adding the catalyst all at once
or diluting with a solvent and dropping, or a nethod of
di spersing or dissolving the catalyst, and then addi ng
t he polymer obtained in step 1 and the halide, nesyl ate,
or tosylate having Rt and R: as substituents all at once
or diluting with a solvent and dropping. After the
reaction is conpleted, the product may be used as the
organic filmmaterial as it is, and can al so be
recovered by diluting with an organi c solvent and then
perform ng separation washing to renove unreacted raw
materials, catalysts, and the |like present in the
system
[0120]

The organi c solvent used in this case is not
particularly limted as long as it can dissolve the
conmpound and separate into two |ayers when m xed with
wat er, and exanpl es thereof include: hydrocarbons such
as hexane, heptane, benzene, toluene, and xylene; esters
such as ethyl acetate, n-butyl acetate, and propyl ene
gl ycol nethyl ether acetate; ketones such as nethyl
et hyl ketone, nethyl anyl ketone, cycl ohexanone, and
met hyl i sobutyl ketone; ethers such as diethyl ether,

di i sopropyl ether, nethyl tert-butyl ether, and
et hyl cycl opentyl methyl ether; chlorine-based solvents

such as net hyl ene chloride, chloroform dichloroethane,
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and trichloroethylene; and m xtures thereof. The
washi ng water used in this case is typically what is
call ed deionized water or ultrapure water. It is
sufficient to wash at |east once, but washing 10 tines
or more will not necessarily provide the desired effect,
and thus it is preferable to wash about 1 to 5 tinmes.
[0121]

In order to renove unreacted raw materials or
acidic components fromthe system during separation
washi ng, washing may be performed with a basic aqueous
solution. Specific exanples of the bases include
hydr oxi des of al kali metals, carbonates of alkal
nmetal s, hydroxides of alkaline earth metals, carbonates
of alkaline earth nmetals, ammonia, and organi c ammni um
[0122]

Further, in order to renove unreacted raw
materials, nmetal inpurities, or basic conponents from
t he system during separation washi ng, washi ng may be
perfornmed with an acidi c aqueous solution. Specific
exanpl es of the acids include inorganic acids such as
hydrochl ori c acid, hydrobrom c acid, sulfuric acid,
nitric acid, phosphoric acid, and heteropol yacid, and
organi c acids such as oxalic acid, trifluoroacetic acid,
met hanesul foni ¢ acid, benzenesul fonic acid, p-
tol uenesul fonic acid, and trifluoronethanesul fonic acid.
[0123]

The above-descri bed separation washing with a basic
agqueous solution or an acidi c aqueous solution may be
performed either singly or in conmbination. Fromthe
vi ewpoi nt of renoving netal inpurities, it is preferable
to perform separation washing in the order of a basic
aqueous solution and an acidi c agqueous sol uti on.

[ 0124]
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After the above-descri bed separation washing with
t he basi ¢ aqueous solution and aci di c aqueous sol ution,
washing with neutral water may be perfornmed
subsequently. Washing may be perforned once or nore,
but preferably about 1 to 5 tinmes. As the neutral
wat er, the above-described deioni zed water or ultrapure
wat er may be used. Washing nay be performed once or
nore, but when the number of tinmes is too few, the basic
and acidic conmponents nmay not be renmoved. Washing 10 or
nore times does not necessarily provide the effect of
washi ng, and thus washing about 1 to 5 tines is
pr ef er abl e.

[ 0125]

Further, the reaction product after the |liquid
separation operation can be recovered as a powder by
concentrating and drying the solvent or crystallizing
under reduced or normal pressure, but can also be |eft
in a solution state of a noderate concentration to
I nprove operability when preparing the organic film
material. The concentration in this case is preferably
0.1 to 50% by nass, and nore preferably 0.5 to 30% by
mass. At such a concentration, the viscosity is
unlikely to increase, which prevents a | oss of
operability, and the anmpbunt of solvent is not excessive,
which is econom cal
[0126]

The solvent in this case is not particularly
limted as long as it can dissolve the conmpound, and
speci fic exanpl es thereof include: ketones such as
cycl ohexanone and net hyl - 2-anyl ketone; al cohols such as
3- net hoxybut anol , 3-net hyl - 3- net hoxybut anol , 1-net hoxy-
2- propanol, and 1-ethoxy-2-propanol; ethers such as

propyl ene gl ycol nononmethyl ether, ethylene glycol
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nmononet hyl ether, propyl ene glycol nopnoethyl ether,

et hyl ene gl ycol nonoethyl ether, propylene glycol

di met hyl ether, and di ethylene glycol dinethyl ether;
and esters such as propyl ene glycol nononethyl ether
acetate, propylene glycol nonoethyl ether acetate, ethyl
| actate, ethyl pyruvate, butyl acetate, nethyl 3-

met hoxypropi onate, ethyl 3-ethoxypropionate, tert-butyl
acetate, tert-butyl propionate, and propyl ene glyco
nmono-tert-butyl ether acetate, and these can be used
singly or in conbination of two or nore. Further, the
obt ai ned pol yner can be used by filtering the obtained
pol ymeri zati on solution as described in [0107] and
[0108].

[0127]

Further, in manufacturing the polyner obtained by
this method, it is possible to combine halides,
nmesyl ates, and tosylates different from hali des,
mesyl ates, or tosylates having Rt and R, as substituents
according to the required performance.

[ 0128]

[ Pol ymer: Pol ynmer (al-2) having repeating unit
represented by general forrmula (4)]

The polymer (al-2) having the repeating unit
represented by the general fornmula (4) is a so-called
pol yester. The polynmer can be obtai ned by dehydration
condensation reaction of diol with biscarboxylic acid,
acid halide or acid anhydride corresponding to
bi scar boxylic acid, or ester exchange w th biscarboxylic
acid ester.

[0129]

The di ol compounds are exenplified as follows. Of
t hese, diols linked by a glyme chain or diols I|inked by
an al kyl group are preferable fromthe viewoint of
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surfactant effect.

OH HO OH
Ho >N HO/\W/ HO._~_OH \V/\T/
HO~~"0H Ho._><_OH HO/r/\l\/OH

HO._~_~_OH DN NG
HO oy HO~_~_~_OH

Ho\//\o/\\/OH HO\//\O/\\/O\//\OH HO\//\O/\\/O\//\O/\\/OH

OH OH OH oH
sacTRCYLsa R eRic e
OH OH
[ 0130]

The bi scarboxylic acid conpounds are exenplified as

foll ows.
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HO OH
H
F F
F F
F
HO OH HO OH

F F
HO " OH HO 0 HO OH HO Ol OCF3
A » : ; <
OCF3 OCF3

OCF, OCF3

o o o O

HO OH HO OH

FiC FsC CF3

[ 0131]
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HO%OH HO%OH
GF
FsC—CF2 \ 2
: CFs <(|;F2>7
CF,
o o o o
HO on HO OH
C\F2> Y
(7)) % (&)
[ 22
CFs CFs

FsSO

[0132]

HN S0
OCF;
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HO OH HO S
H b osrs HO OH HO o
H F
HN" S0 HN Yo HN X F
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F
F
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[ 0133]

The Mwv and MV Mh of the polynmer (al-2) nust be
controlled within an appropriate range for
m crofabrication, as with the polyner (al-1).
Specifically, the weight average nol ecul ar wei ght (M)
in ternms of polystyrene, as determ ned by gel perneation
chromat ography (GPC) using THF as a solvent is
preferably 1000 to 500000, nore preferably 1500 to
30000, and further preferably 2000 to 30000. It is
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preferable that MM Mh has a narrow distribution of 1.0
to 4.0, and particularly 1.0 to 3.0.
[ 0134]

[ Met hod for manufacturing polynmer (al-2)]

As a nethod for manufacturing the polyner (al-2),
as descri bed above, a polyner can be obtained by the
dehydrati on condensation reaction of a diol with a
bi scar boxylic acid, an acid halide or an acid anhydride
corresponding to the biscarboxylic acid, or ester
exchange with a biscarboxylic acid ester. Exanples of
reaction formul ae for dehydration condensation, acid
hal i de, and ester exchange are exenplified bel ow. These
can be appropriately selected taking into consideration
the stability of the raw materials used.

(In the followng formula, R;, R, and R4 are as
defi ned above, X: is a halogen atom and R’ represents an
al kyl group having 1 to 5 carbon atons.)

[ Dehydrati on condensati on]

O O
Ll = loaoh )
HO-R,—OH  + HOMOH 0RO
R, R, R2R4
[ Ester exchange]
O O
HO-R,—OH + R%YJEKJKOR" — O-Rs—0
R Ry R2R4
[ Aci d hal i de]
O O O O
B s T
R2R1 R2R1

[ 0135]
When the polynmer (al-2) is produced by dehydration
condensation or ester exchange as descri bed above, the

pol yner can be obtained by reacting a diol with a
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bi scar boxylic acid or an ester conpound corresponding to
t he biscarboxylic acid in the absence or presence of a
catalyst while removing the water or al cohol generated.
[ 0136]

There is no problem when the reaction proceeds
wi t hout a catal yst, but when a catalyst is used, the
foll ow ng substances are exenplified: netal hydroxides
such as sodi um hydroxi de and potassi um hydr oxi de;
al kaline nmetal or alkaline earth metal carbonates such
as sodi um carbonate, potassium carbonate, and cesium
carbonate; am nes such as im dazol es and benzotri azol es;
phosphi nes such as tri phenyl phosphi ne;
t etraal kyl ammoni um hal i des such as tetraethyl amoni um
chl oride and tetraethyl anmoni um brom de; quaternary
ammoni um salts such as benzyltrial kyl ammoni um chl ori des
such as benzyltrimet hyl ammoni um chl ori de and
benzyl tri et hyl ammoni um chl ori de; quaternary phosphoni um
salts such as benzyltriphenyl phosphoni um chl ori de;
al um num conpounds such as trial kylalum num tin
conpounds such as tin chloride and tin carboxyl ates; and
titani um conpounds such as titanium al koxi de. When a
catalyst is used, the anount of the catalyst used can be
selected fromthe range of 0.001 to 1.0 noles,
preferably 0.003 to 0.3 noles, and nore preferably 0.005
to 0.1 noles, with respect to 1.0 nole of the total
amount of the diol and bisdicarboxylic acid.
[0137]

The reaction nmay be performed w thout a solvent, or
a solvent may be used to reduce the viscosity of the
resulting polynmer. There are no particular limtations
on the solvent as long as it is inert to the above
reaction, and for exanple, aromatic solvents such as

benzene, toluene, and xylene, acetonitrile, dinmethyl
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sul f oxi de, N, N-di net hyl f or mam de, N-nethyl pyrrolidone,
di phenyl sul fone, di phenyl ether, trichlorobiphenyl,
trichl orobenzene, and di chl orobenzene may be used singly
or in conbination. These solvents can be used in the
range of 0 to 2000 parts by mass with respect to 100
parts by mass of the reaction raw materials, and the
reaction tenperature is preferably about from -50°C to
the boiling point of the solvent, and nore preferably
from 100°C to 150°C. The reaction tinme is appropriately
selected fromO0.1 to 100 hours. 1In this case, it is
preferable to performthe reaction while renoving water
or al cohol generated by the reaction fromthe system

[ 0138]

The above polyner can be obtained by the nmethod
descri bed in paragraphs [0100] to [0112], sinply by
changing the reacting substrate to a biscarboxylic acid
or an ester conpound corresponding to the biscarboxylic
acid.

[0139]

When the polynmer (al-2) is produced using an acid
hal i de as descri bed above, the pol ynmer can be obtai ned
by reacting an acid halide corresponding to the
bi scar boxylic acid, such as an acid chloride, in the
presence of a base catal yst.

[ 0140]

The base catal yst used in this case includes, for
exanpl e, am nes, and specific exanples thereof include:
tertiary am nes such as trinmethylam ne, triethylam ne,
tripropylam ne, diisopropylethylamne, tributylam ne,
tripentylam ne, and trihexylam ne; aliphatic am nes
having an aromatic ring such as N, N-di met hyl aniline,
phenyl di met hyl am ne, di phenyl net hyl am ne, and
tri phenylam ne; cyclic aliphatic am nes such as 1-
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met hyl pyrrolidine, 1-methyl piperidine, and 4-

met hyl nor phol i ne; am di nes such as 1, 8-

di azabi cycl o[ 5.4.0]-7-undecene and 1, 5-

di azabi cycl o[ 4. 3. 0] - 5- nonene; guani di nes such as

guani dine, 1,1, 3, 3-tetranethyl guani dine, and 1, 2, 3-

tri phenyl guani di ne; aromatic am nes such as 1-

met hyl pyrrol e, pyridine, 2-nethylpyridine, 3-

met hyl pyri di ne, 4-nethyl pyridi ne, 2,6-dinethyl pyridine,
and N, N-di net hyl - 5-am nopyri di ne; quaternary anmoni um
salts such as tetranmet hyl anmoni um hydr oxi de and

t etraet hyl ammoni um hydr oxi de. These catal ysts can be
used singly or in conbination of two or nore, and the
anmount of the catalyst used is in the range of 0.1 to 20
nmol es, preferably 0.2 to 10 noles, with respect to the
nunmber of noles of the acid halide as the raw materi al .
[0141]

The solvent used in this case is not particularly
limted as long as it is inert to the above reacti on,
and for exanple, ether solvents such as diethyl ether,
tetrahydrofuran, and di oxane, aromatic sol vents such as
benzene, toluene, and xylene, acetonitrile, dinmethyl
sul f oxi de, N, N-di met hyl f or mam de, N-nethyl pyrrolidone,
and water can be used singly or in conmbination. These
solvents can be used in the range of 0 to 2000 parts by
mass with respect to 100 parts by mass of the reaction
raw material, and the reaction tenperature is preferably
about from -50°C to the boiling point of the solvent, and
nore preferably fromroomtenperature to 150°C. The
reaction time is appropriately selected fromO0.1 to 100
hours.

[0142]

The above polyner can be obtained by the nethod

descri bed in paragraphs [0100] to [0112], sinply by
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changi ng the reacting substrate to an acid halide of a
bi scarboxylic acid corresponding to a diol.
[0143]

[ Anot her met hod for manufacturing polyner (al-2)
havi ng repeating unit represented by general formnula
(3)]

I n addition, another nethod for manufacturing the
pol ymer (al-2) described above includes a nethod of
obtaining a polymer by changing the raw material used in
obtaining the polynmer (al-2) described above, that is, a
bi scarboxylic acid, a biscarboxylic acid ester, or a
hal i de of a biscarboxylic acid, to a malonic acid
derivative [step 1], and then subjecting the obtained
polymer to an addition reaction with a halide, a
nmesyl ate, or a tosylate having Rt and R as substituents
under a base catalyst [step 2] to obtain the polyner.
(In the following formula, X represents a halide,
mesyl ate, or tosylate, Ri,, R: (provided that R: is other
than a hydrogen atom), and R4 are as defined above.)

[ 0144]
[ STEP 1]
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o o O O
-H20 L w
HO-R,—OH + HOMOH 0-R,—0O

0O O

L lor—of
HO-R,—OH *+ me — O-Rs—0

O O _RHOH O O
HO-R4—OH + R"OMOR" O—R4—OM7

[ 0145]
[ STEP 2]

R1_X

or/and

R2—X O O

o O L
loaoddy —— ooty
O_R4_O R2R1

[ 0146]

When t he above reaction nethod is used, as with the
polymer (al-1), there are two reactive sites for the
repeating unit of the polynmer because of reaction
selectivity, and thus a reaction rate of 100% neans t hat
Rt and R: are conpletely introduced as substituents, and
when Ry is not R, the following three types are
obt ai ned, and when R; =R; =R, one type is obtained. In
addi ti on, when the reaction rate is |less than 100% it
IS possible to obtain a polynmer with repeating units
with a plurality of conbinations, as shown bel ow.

VWhen Ry is not Ry, the follow ng six types are obtained,

and when Rt = R = R, two types are obtained. Adjusting
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t he overall charge ratio allows control of the reaction
rate for all reactive sites, and a plurality or single
substituents corresponding to Rt and R can be conbi ned
to suit the required performance. For exanple, when the
substitution rate in the repeating unit of a polynmer is
100, the ratio of substitution by Rt and R is “a”, and
the ratio of unnodified hydrogen atons is “b”, then 0 <
a+ b <100, with 0.5 < a < 1.0 being preferable and 0.7
< a < 1.0 being nore preferable. 1In this case, the
relati onship between R; and R» results in a polyner
contai ning the repeating units shown bel ow.

[0147]

[ Case where reaction rate is 100%

Ri #R:
O O O 0O o O
l—o—m—O’Uﬁ(u_} Jvo—m—o/%(u_} ‘('0‘94—‘3%
RiR R{R; R2R,
Ri=R:=R
o 0
(omolo Tt
R’ R
[ 0148]

[ Case where reaction rate is |l ess than 100%
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R: #R:

O O O O o O
“(O‘RFO”UW(H_} Lo—&—@% Lo—m—ojﬁ(u_}
R1R1 R1R2 RQRQ
O O O O O O
LO—&—OW -LO-R,;—OM_ LO—RJ,—OJ%L}
R{H R, H H H
RL = Rz = R'
O O O O
LO_R4_OW JVO—R‘«,—O%
R" R R" H

[ 0149]

For the polynerization of [step 1], the above
pol ymer can be obtained by the nmethod described in
paragraphs [0143] to [0148], sinply by changing the raw
material of the (al-2) of biscarboxylic acid to one
corresponding mal oni ¢ acid. The polyner obtained in
[step 1] can be used in the addition reaction in step 2.
Further, in the reaction in [step 2], the polyner
obt ai ned can be obtained by the nmethod described in
paragraphs [0143] to [0148], sinply by changing the
pol ymer obtained in step 1 of the alternative nethod (a-
1) to the polynmer obtained in [step 1] above.
[ 0150]

I n the manufacturing of the polyner used in the
conposition for formng an organic film obtained by
t hese nmethods, it is possible to obtain the polyner that
neets the required performance by conbining the

structure and introduction ratio of Rt and R of the
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polyner, as well as the nethod of manufacturing the
pol ymer, according to the required performance.

For exanmpl e, side chain structures that contribute
to inproving planarizing properties, and fluorine-
contai ni ng substituents for controlling surface tension
and the |li ke to change the surface activity can be
arbitrarily conbined. Therefore, these polynmers not
only have excellent surfactant effects that contribute
to inproving filmform ng properties, but also nake it
possi ble to achieve high levels of conpatibility between
various performances such as filmform ng properties and
enbeddi ng properties when used as an underl ayer film as
a conposition for formng an organic film
[ 0151]

[ Conposition for formng organic film

The conposition for formng an organic film
contains (A a resin or conmpound for form ng an organic
film (B) a polynmer described above, and (C) a sol vent.
[ 0152]

In the conposition for form ng an organic film
according to the present invention, the (B) polymer, the
(A) resin or conmpound for form ng an organic film and
the (C) solvent can be used singly or in conbination of
two or nore. The (B) polyner of the present invention
functions as a surfactant that inparts excellent film
form ng properties and high | eveling performance. Its
use is not limted to an organic underlayer film and
t he polynmer can be used in general coating materials for
phot ol i t hography, and exanpl es thereof include
phot osensitive resist materials and materials for
form ng topcoats fornmed on resist filnms. Further, the
pol ymer can be applied not only to the organic film

formng material but also to the silicon-containing
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resist intermediate film and can be used as a suitable
surfactant for achieving highly versatile filmformng
properties that can be applied to various filmform ng
mat eri al s.

[ 0153]

Further, the (B) polymer having the repeating unit
shown in (1) of the present invention can be used singly
or in conbination of two or nore. The anount of these
conpounds added is set such that 0.01 to 5 parts by nmass
of the (B) polyner is contained per 100 parts by mass of
the (A) resin or conposition for form ng an organic
film
[ 0154]

[(A) Resin or conpound for formng organic film

The (A) resin or compound for formng organic film
used in the present conposition for form ng an organic
filmis not particularly limted as long as it satisfies
the filmformng and curing properties of spin coating,
but fromthe viewpoints of etching resistance, optica
properties, heat resistance, and the like, it is nore
preferable to use a resin or conmpound containing an
aromati c skel et on.

[ 0155]

Exanpl es of the aromatic skel eton include benzene,
napht hal ene, ant hracene, pyrene, indene, fluorene,
furan, pyrrole, thiophene, phosphole, pyrazole, oxazol e,
i soxazol e, thiazole, pyridine, pyrazine, pyrimdine,
pyri dazi ne, triazine, and carbazole. O these, benzene,
napht hal ene, fluorene, and carbazole are particularly
pr ef erabl e.

[ 0156]
Exanpl es of the (A) resin or conposition for

formng an organic filmused in the present invention
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I nclude resins containing the foll owing structures
described in JP 2012-001687 A and JP 2012-0077295 A:

O
el I I AN
I (X)m_|_
= #

Ar2

wherein the ring structures Arl and Ar2 represent a
benzene ring or a naphthalene ring; X represents a

singl e bond or an al kyl ene group having 1 to 20 carbon

atonms; “ni represents 0 or 1; and “n” represents any
natural nunmber that provides a nol ecul ar wei ght of
100, 000 or less, wherein the synbols in the fornula are

only applicable to this formul a,

[0157]
OH | | HO
/N N
/N (2-1)

wherein the ring structures Arl and Ar2 represent a

benzene ring or a naphthalene ring; “n” is any natural
nunber that provides a wei ght average nol ecul ar wei ght
of 100,000 or less, in terns of polystyrene, as

determ ned by gel perneation chromatography, wherein the
synbols in the fornmula are only applicable to this

for mul a.

[ 0158]
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Furt her exanples of the (A) resins or conpounds for
formng an organic filmused in the present invention
i nclude resins containing the foll owing structures
descri bed in JP 2004-264710 A, JP 2005-043471 A, JP
2005- 250434 A, JP 2007-293294 A, and JP 2008-065303 A:

—FCH—CH —— —F CH;—CH ——

R'), R
/Rl 1 /R]
R\ R\
OH OH

(3-1) (4-1)

wherein Rl and R? represent a hydrogen atom an
al kyl group having 1 to 3 carbon atons, or an aryl
group; R3 represents an al kyl group having 1 to 3 carbon
atoms, a vinyl group, an allyl group, or an aryl group
whi ch may be substituted; “n” represents 0 or 1; and “ni
represents 0, 1, or 2, wherein the synmbols in the
formula apply only to this fornul a,
[ 0159]

Ry R

(5-1)

‘u\

X
/
R, |
hal
wherein R is a nonoval ent atom or group other than
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a hydrogen atom “n” represents an integer of 0 to 4,
provi ded that when “n” is 2 to 4, a plurality of Ris may
be the sanme or different; R, and Rs are independently
nmonoval ent atonms or groups; and X is a dival ent group,
wherein the synbols in the fornmula are only applicable

to this fornul a,

[ 0160]
R, R° R
R{\ N
1
©OR),  (OR), 3o

r

wherein Ry is a hydrogen atom or a nethyl group, R
is a single bond, a linear, branched, or cyclic al kyl ene
group having 1 to 20 carbon atons, or an aryl ene group
having 6 to 10 carbon atonms, and nmay have ether, ester,
| act one, or am de; R and R* are each a hydrogen atom or
a glycidyl group; X represents a polyner of a
hydr ocar bon havi ng an i ndene skel eton, a cycloolefin
having 3 to 10 carbon atons, or a nmleimde, and nay
have ether, ester, |actone, or carboxylic acid
anhydride; R> and Ré are each a hydrogen atom a fluorine
atom a nethyl group, or a trifluoronethyl group; R is a
hydrogen atom a |inear, branched, or cyclic al kyl group
having 1 to 6 carbon atons, a hydroxy group, or an
al koxycarbonyl group; “p” and “q” are each an integer of
1to 4; “r” represents an integer of 0 to 4; “a”, “b”,

IA

and “c” are in the ranges 0.5 <a +b +c¢c <1, O a <
0.8, 0<b <08 0.1<a+bx<0.8 and 0.1 <c <£0.8,
respectively, wherein the synbols in the formula apply

only to this formul a,
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(7)

CH,—OR,
wherein Ry represents a hydrogen atomor a
nonoval ent organi c group; and R: and Rs each
I ndependent|ly represent a nonoval ent atom or a
nmonoval ent organi c group, wherein the synbols in the
formula are only applicable to this formul a.
[0162]
Specific exanples of the (A) resin or conpound for
formng an organic filmused in the present invention
i nclude resins containing the foll owing structures
described in JP 2004-205685 A, JP 2007-171895 A, and JP
2009- 014816 A:

R R
R! 1
e N R
| (8)
\\ AT
R’ R® m

R® R
Lﬁ—g/_\g—[{? ]l ©)

wherein Rl to Ré are each i ndependently a hydrogen
atom a hydroxy group, an al kyl group having 1 to 6
carbon atons, which may be substituted, an al koxy group
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having 1 to 6 carbon atons, which nmay be substituted, an
al koxycar boxyl group having 2 to 6 carbon atons, which
may be substituted, an aryl group having 6 to 10 carbon
atonms, which may be substituted, a hydroxyal kyl group
having 1 to 6 carbon atons, an isocyanate group, or a
gl ycidyl group; and “nf and “n” are positive integers,
wherein the synbols in the fornmul ae are applicable only

to this fornul a,

[0163]
2 ho ) .
a z P \c @4 1
| PN — | R (10)
. X
o ,\ \|/ Rsp

OH), g2

wherein R! and Ré are hydrogen atonms or nethyl
groups; R?, R, and R* are a hydrogen atom an al kyl
group having 1 to 4 carbon atons, an al koxy group, a
hydr oxy group, an acetoxy group, or an al koxycarbonyl
group, or an aryl group having 6 to 10 carbon atons; R°
is a condensed pol ycyclic hydrocarbon group having 13 to
30 carbon atons, -OR, -C(=0-OR’, -O0C(=0-R’, or -
C(=0)-NR8-R7; “n is 1 or 2; “n” represents an integer of
O to 4; “p” represents an integer of 0 to 6; KR’
represents an organic group having 7 to 30 carbon atons,
R8¢ is a hydrogen atom or a hydrocarbon group having 1 to
6 carbon atons; Z represents any of a methyl ene group, -
O, -S- or -NH; *“a”, “b”, “c”, “d’, and “e” are in the
ranges 0 <a < 1.0, 0 < b <0.8 0<c¢c<0.8 0<dc<
0.8, 0 <e<0.8 and 0 <b +c +d+ e < 1.0,
respectively, wherein the synbols in the fornmula are
applicable only to this formul a,
[0164]
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[ AT
| | H (11)
\ LF;/«/:/\&\J /

o
A W pp— 2

0 R C—C R
\ o/,

wherein n represents 0 or 1; Rl is a nethylene
group which may be substituted, an al kyl ene group havi ng
2 to 20 carbon atonms, which nmay be substituted, or an
aryl ene group having 6 to 20 carbon atoms, which may be
substituted; R2 is a hydrogen atom an al kyl group having
1 to 20 carbon atons, which nay be substituted, or an
aryl group having 6 to 20 carbon atons, which may be
substituted; R® to R” each represent a hydroxy group, an
al kyl group having 1 to 6 carbon atons, which nay be
substituted, an al koxy group having 1 to 6 carbon atons,
whi ch may be substituted, an al koxycarbonyl group having
2 to 10 carbon atons, which may be substituted, an aryl
group having 6 to 14 carbon atons, which may be
substituted, or a glycidyl ether group having 2 to 6
carbon atonms, which may be substituted; R® represents a
hydrogen atom a |inear, branched, or cyclic al kyl group
having 1 to 10 carbon atons, a linear, branched, or
cyclic al kyl ether group having 1 to 10 carbon atons, or
an aryl group having 6 to 10 carbon atons, wherein the
synbols in the fornmula are applicable only to this
formul a.
[0165]

Exanpl es of the forrmula (11) include the foll ow ng

resins.
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[0167]

Exanpl es of the (A) resin or conmpound for form ng
an organic filmused in the present invention include
resins containing the follow ng structures described in
JP 2007-199653 A, JP 2008-274250 A, and JP 2010- 122656
A
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R~ 0L 7 -5,\)0— R
/
B |z (12)
R R

wherein R! and R?2 are independently the sane or
di fferent hydrogen atons, |inear, branched, or cyclic
al kyl groups having 1 to 10 carbon atons, aryl groups
having 6 to 10 carbon atonms, or al kenyl groups having 2
to 10 carbon atons; R3 is a single bond or an al kyl ene
group having a linear, branched, or cyclic structure
having 1 to 30 carbon atons, which nmay have a bri dged
cyclic hydrocarbon group, a double bond, a heteroatom
or an aromatic group having 6 to 30 carbon atons; R* and

R> are i ndependently hydrogen atonms or glycidyl groups;

and “n” represents an integer of 1 to 4, wherein the
synmbols in the formula is applicable only to this
formul a,

[0168]

(13)

wherein Rl and R?2 are independently the sane or
di fferent hydrogen atons, |inear, branched, or cyclic
al kyl groups having 1 to 10 carbon atons, aryl groups
having 6 to 10 carbon atoms, or al kenyl groups having 2
to 10 carbon atons; R3 is a single bond or an al kyl ene

group having a linear, branched, or cyclic structure
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having 1 to 30 carbon atons, which nmay have a bri dged
cyclic hydrocarbon group, a double bond, a heteroatom
or an aromatic group having 6 to 30 carbon atons; R* and
R5> are each independently a hydrogen atomor a gl ycidyl
group; and Ré is a single bond or a linear or branched
al kyl ene group having 1 to 10 carbon atons, wherein the
synbols in the fornmula are applicable only to this
formul a,

[0169]

(14)

(R Rz

wherein a ring Z! and a ring Z2 represent condensed
pol ycyclic aromati c hydrocarbon rings; R!a, Rlb, R2a and
R2b, which are the sane or different, represent a
substituent; “k1” and “k2”, which are the sane or
different, represent 0 or an integer of 1 to 4; “ml” and
“m2” are each 0 or an integer of 1 or nore; and “nl” and
“n2” are each 0 or an integer of 1 or nore, provided
that nl + n2 > 1, wherein the synmbols in the formula are
applicable only to this formul a,
[ 0170]
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(15)

n

wherein R and R?, which are the sane or different,
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 atons; R3 and R* are each a hydrogen atom or a
gl ycidyl group; RS is a single bond or a linear or
branched al kyl ene group having 1 to 10 carbon atons; and
Ré and R’ are each a benzene ring or a naphthal ene ring;

p
wherein the synbols in the fornmula are applicable only

and “q” are each 1 or 2; and “n” is 0 < n < 1,

to this formula.
[0171]
Exanpl es of the forrmula (15) include the foll ow ng

resins.
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Exanpl es of the (A) resin or conpound for formng
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an organic filmused in the present invention include
resins containing the follow ng structure described in
JP 2012-214720 A

(16)

wherein the ring structures Arl and Ar2 represent a

benzene ring or a naphthal ene ring; and “x” and “z” each
i ndependently represent 0 or 1, wherein the synbols in
the fornmula are applicable only to this fornula.
[0176]

Exanpl es of the (A) resin or conpound for formng
an organic filmused in the present invention include

the resins described in JP 2014-29435 A:

C

—e-A (17)

B

wherein A represents a structure having carbazol e;
B represents a structure having an aromatic ring; and C
represents a hydrogen atom an al kyl group, or a
structure having an aromatic ring, wherein B and C may
forma ring together, and the conbined structure of A,
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B, and C has 1 to 4 carboxyl groups or salts thereof, or
carboxyl ate ester groups, wherein the synbols in the
formula are applicable only to this formul a.

[0177]

In addition, as the (A) resin or conpound for
formng an organic filmused in the present invention, a
pol ymer including a unit structure represented by the
followng formula (18) and a unit structure represented
by the followng fornmula (19) described in WO
2012/ 077640 in which the ratio between the unit
structure represented by the fornmula (18) and the unit
structure represented by the formula (19) is 3 to 97:97

to 3 in a nolar ratio can be exenplified:

(Rl)nl (Rz)nz
A¢ 5 R
\h — 7/\Rj\
N

| 18
Ry (18)

wherein Ri and R each independently represent a
hydrogen atom a hal ogen atom a nitro group, an an no
group, a hydroxy 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, or a
conbi nati on of these groups which may include 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 conbination
of these groups which may include an ether bond, a

ket one bond, or an ester bond; Rs represents a hydrogen
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atom or an aryl group having 6 to 40 carbon atons,

whi ch may be substituted with a hal ogen atom a nitro
group, an am no group, or a hydroxy group, or a

het erocyclic group; Rs represents a hydrogen atom or an
al kyl group having 1 to 10 carbon atonms, which my 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 nay form
a ring together; and “nl” and “n2” each represent an
integer of 1 to 3, wherein the synbols in the fornmul a
are applicable only to this formul a,

[0178]

(Re)ns

Rg
(Ar i} (19)
Rg

(Rr)ny

wherein Ar represents an aromatic ring group having 6 to
20 carbon atons; Re represents a hydroxy group; Ry
represents a hydrogen atom a halogen atom a nitro
group, an am no group, an alkyl 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
conbi nati on of these groups that may include an ether
bond, a ketone bond, or an ester bond; Rs represents a
hydrogen atom or an aryl group having 6 to 40 carbon
atons or a heterocyclic group, which may be substituted
with a hal ogen atom a nitro group, an am no group, or a
hydr oxy group; Ro represents a hydrogen atom or an al kyl
group having 1 to 10 carbon atons, an aryl group having
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6 to 40 carbon atonms, or a heterocyclic group, which my
be substituted with a hal ogen atom a nitro group, an
am no group, or a hydroxy group, wherein Rs and Ry may
forma ring together; “n6” represents an integer of 1 to
p; and “n7” represents an integer of p - n6, wherein “p”
represents the maxi num nunber of substituents with which
the aromatic ring group Ar can be substituted, wherein
the synmbols in the fornula are applicable only to this
formul a.
[0179]

An example of the (A) resin or conpound for formng
an organic filmused in the present invention includes a
pol ymer containing a unit structure represented by the
followng formula (20) described in WO 2010- 147155:

(R1)n1 (R2)n2 Ra
A |\"‘*~* (20)
2 2 Rg
)
Ra

wherein Ry and R are each selected fromthe group
consi sting of a hydrogen atom a hal ogen group, a nitro
group, an am no group, a hydroxy group, an al kyl group
having 1 to 10 carbon atonms, an al kenyl group having 2
to 10 carbon atons, an aryl group having 6 to 40 carbon
at oms, and conbinati ons thereof, wherein the alkyl
group, the al kenyl group, or the aryl group may incl ude
an ether bond, a ketone bond, or an ester bond; Rs is
selected fromthe group consisting 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
6 to 40 carbon atons, and conbinations thereof, wherein
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t he al kyl group, the al kenyl group, or the aryl group
may i nclude an ether bond, a ketone bond, or an ester
bond; Rs represents an aryl group having 6 to 40 carbon
atons or a heterocyclic group, which may be substituted
with a hal ogen group, a nitro group, an am no group, or

a hydroxy group; Rs represents a hydrogen atom or an

al kyl group having 1 to 10 carbon atoms, an aryl group
having 6 to 40 carbon atonms, or a heterocyclic group

whi ch may be substituted with a hal ogen group, a nitro
group, an am no group, or a hydroxy group, wherein Rs and
Rs may forma ring together with the carbon atomto which
t hey are bonded; and “nl” and “n2” are each an integer

of 1 to 3, wherein the synbols in the fornula are
applicable only to this fornmula.

[ 0180]

Exanpl es of the (A) resin or conmpound for form ng
an organic filmused in the present invention include
novol ac resins obtained by reacting one or nore of
phenol s such as phenol, cresol, xylenol, catechol,
resorcinol, hydroqui none, pyrogallol, hydroxyquinol, and
phl orogl yci nol with one or nore of al dehyde sources such
as formal dehyde, parafornmal dehyde, and tri oxane using an
acid catalyst, and resins containing a repeating unit
structure represented by the following fornula (21)
descri bed in WO 2012-176767:

/fA

wherein A represents a hydroxyl-substituted

(21)

phenyl ene group derived from pol yhydroxybenzene; and B
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represents a nonoval ent condensed aromati c hydrocarbon
ring group in which 2 to 6 benzene rings are condensed,
wherein the synmbols in the fornmula are applicable only
to this formul a.

[0181]

Exanpl es of the (A) resin or conpound for formng
an organic filmin the present invention include novol ac
resins having a fluorene or tetrahydrospirobiindene
structure described in JP 2005-128509 A, JP 2006-259249
A, JP 2006-259482 A, JP 2006-293298 A, and JP 2007-
316282 A, which include a repeating unit structure
represented by the following formula (22-1) or (22-2):

(’Rl)n OR® (’Rz)m 0R4R5

— A=

nt o
|

_

(22—1)

(22—2)

wherein R, R2, RS, and R” are independently a
hydrogen atom a linear, branched, or cyclic alkyl group
having 1 to 10 carbon atons, an aryl group having 6 to
10 carbon atonms, an allyl group, or a halogen atom R3,
R4, Re, and R® are independently a hydrogen atom a
| i near, branched, or cyclic al kyl group having 1 to 6

carbon atons, a linear, branched, or cyclic al kenyl
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group having 2 to 6 carbon atons, an aryl group having 6
to 10 carbon atons, or a glycidyl group; and RS and R
are independently a hydrogen atom a |inear, branched,

or cyclic alkyl group having 1 to 10 carbon atons, or an
aryl group having 6 to 10 carbon atons; “n”, “ni, “p”,
and “q” are integers of 1 to 3; and R0 to RI3 are each

i ndependently a hydrogen atom a hal ogen atom a hydroxy
group, a linear, branched, or cyclic alkyl group having
1 to 6 carbon atonms, or a |linear, branched, or cyclic

al koxy group having 1 to 6 carbon atonms, wherein the
synmbols in the fornmula are applicable only to this

for mul a.

[0182]

As the (A) resin or conpound for form ng an organic
filmused in the present invention, a reaction product
obt ai ned by the method described in JP 2012-145897 A can
be exenplified. More specifically, a polyner obtained
by condensi ng one or nore conpounds represented by the
foll ow ng general fornula (23-1) and/or (23-2) wth one
or nmore conpounds represented by the foll ow ng general
formula (24-1) and/or (24-2) and/or the equivalents
t hereof can be exenplified:

R’ R
DN
REA)I\’{]R

3

4 (23—1)
R° R’
X
)

wherein Rl to Ré are each i ndependently a hydrogen

atom a hal ogen atom a hydroxy group, an isocyanato
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group, a glycidyloxy group, a carboxyl group, an am no
group, an al koxy group having 1 to 30 carbon atons, an
al koxycar bonyl group having 1 to 30 carbon atons, an
al kanoyl oxy group having 1 to 30 carbon atons, or a
saturated or unsaturated organic group having 1 to 30
carbon atonms, which my be substituted, wherein any two
substituents selected fromRl to R* or R to R nay be
bonded to each other in the nolecule to forma cyclic
substituent, wherein the synmbols in the fornula are
applicable only to this fornmula,

[0183]

Qng (OH)I‘H
%

% cno (24—1)

Qr’IE Qﬂ5 (OH)HS

P 4
L
1 LR

(OH) 4

wherein Q represents an organic group having 1 to
30 carbon atons, which nay be substituted, wherein any
two s selected in the nolecule nay be bonded to form a
cyclic substituent; “nl” to “n6” are the nunber of each
substituent, and nl to n6 = 0, 1, and 2, wherein in the
formula (24-1), hydroxybenzal dehyde is excluded, and in
the formula (24-2), the relationships 0 < n3 + n5 < 3, 0
<n4d + n6 <4, and 1 < n3 + n4d < 4 are satisfied, wherein
the synbols in the fornula are applicable only to this
formul a.
[ 0184]

I n addition, a polymer obtained by condensing one

or nore conpounds represented by the above general
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formula (23-1) and/or (23-2), one or nore conpounds

represented by the above general formula (24-1) and/or
(24-2) and/or the equivalents thereof, and one or nore
conmpounds represented by the follow ng general fornula
(25) and/or the equivalents thereof can be exenplified:

Y—CHO (25)

wherein Y is a hydrogen atom or a nopnoval ent
organi c group having 30 or |ess carbon atons, which may
have a substituent, and the fornmula (25) is different
fromthe general formula (24-1) and the general fornula
(24-2), wherein the synbols in the fornmula are
applicable only to this fornmula.

[ 0185]

As the (A) resin or conpound for form ng an organic
filmused in the present invention, a conpound having
the follow ng structure described in JP 2017-119671 A
can be exenplified:

R_Fx)rm (26—1)

wherein Ris a single bond or an organic group
having 1 to 50 carbon atons; X is a group represented by
the follow ng general formula (26-2); and “nl”
represents an integer satisfying 2 < ml < 10, wherein
the synbols in the fornula are applicable only to this
formul a,
[ 0186]
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wherein X2 is a divalent organic group having 1 to
10 carbon atoms; “nl” is O or 1, “n2” is 1 or 2; X2 is a
group represented by the follow ng general fornula (26-
3); and “n5” is 0, 1 or 2, wherein the synbols in the

formula are applicable only to this fornmul a,

— 10
X3= —CHT*Q:?OR (26-3)

wherein R0 is a hydrogen atom or a saturated or
unsat ur ated hydrocarbon group having 1 to 10 carbon
atoms, wherein the hydrogen atom on the benzene ring in
the fornmula may be replaced by a nethyl group or a
met hoxy group, wherein the synbols in the fornula are
applicable only to this formul a.
[0187]

Exanpl es of conpounds containing the above

structure include the foll owi ng conmpounds:
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[0188]

As the (A) resin or conpound for form ng an organic
filmused in the present invention, a polynmer having a
repeating unit represented by the foll ow ng general
formula (27-1) described in JP 2019-044022 A can be
exenplified:
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Y
N R

@ @ (27—1)
Z n R2

wherein ARL and AR2 are benzene or napht hal ene
ri ngs which nmay have a substituent; R! and R?2 are each
I ndependently a hydrogen atom or an organi c group having
1 to 30 carbon atons, and when R! and R?2 are organic
groups, R! and R2 nmay be bonded to each other within the

nol ecule to forma cyclic organic group; “n” is 0 or 1,
wherein when n = 0, ARL and AR2 do not form a bridge
structure between the aromatic rings of ARL and AR2 vi a
Z, and when n = 1, ARl and AR2 forma bridge structure
bet ween the aromatic rings of ARL and AR2 via Z;, Z is
either a single bond or the following formula (27-2);
and Y is a group represented by the follow ng fornula
(27-3), wherein the synmbols in the fornula are

applicable only to this fornmula,

OCH;

0 7 (27—2)
—CHy~ —CH,CHy- .~~~ —0— —5— A ,/'_4§ /’::<\

--R3-C=C—R4 (2 7—3)

wherein R® is a single bond or a dival ent organic
group having 1 to 20 carbon atons; R* is a hydrogen atom
or a nmonoval ent organic group having 1 to 20 carbon
atoms; and the dashed line indicates an attachnment
poi nt, wherein the synmbols in the fornmula are applicable
only to this formul a.
[0189]
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As the polyners having repeating units represented
by the above general fornula (27-1), the follow ng

pol ymers can be exenplified.

[ 0190]
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[0191]

The (A) resin or conmpound for form ng an organic
filmmy be synthesized by a known net hod, or a
commerci al ly avail abl e product may be used.

[0192]
The amount of the (A) resin or conmpound for form ng
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an organic filmis not particularly limted as |long as
the filmform ng properties of the spin coating of the
conposition for formng an organic filmare
satisfactory. However, the amount of the (A) resin or
conpound for formng an organic filmis preferably 10 to
40 parts by mass, nore preferably 10 to 30 parts by
mass, and further preferably 10 to 25 parts by mass,
with respect to 100 parts by mass of the conposition for
formng an organic film For exanple, when enbeddi ng
hol es or trenches with a very high aspect ratio of a 3D
NAND nmenory architecture with a conposition for formng
an organic film it is necessary to increase the anpunt
of the resin for formng an organic film but such a
conposition for formng an organic film has a high
viscosity, and the in-plane uniformty and enbeddi ng
properties after spin coating are deteriorated. Wth
the blend ratio of the above-described (A) resin for
form ng an organic film the conpositions for form ng an
organic filmof the present invention can be suitably
applied because they can formorganic filnms with
excellent in-plane uniformty and enbeddi ng properties.
[ 0193]

Further, it is preferable that the content of the
(B) polynmer is 0.01 to 5 parts by nass with respect to
100 parts by mass of the (A) resin or conpound for
form ng an organic film \When the conposition for
form ng an organic filmincludes a polynmer with such a
content, the in-plane uniformty of the formed organic
filmis superior.
[ 0194]

The (C) solvent that can be used in the materi al
for formng an organic filmof the present invention is

not particularly limted as long as it can dissolve the
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(A) resin or conmpound for formng an organic film and
the (B) conpound, and is preferably one that can al so

di ssol ve the acid generator, crosslinking agent,
surfactant, and the |i ke described bel ow. Specifically,
solvents with a boiling point of |less than 180°C, such as
t hose descri bed in paragraphs (0091) to (0092) of JP
2007-199653 A, can be used. O these, propylene glycol
nonomet hyl ether acetate, propylene glycol nononethyl

et her, 2-heptanone, cycl opentanone, cycl ohexanone, and
m xtures of two or nore thereof are preferably used.

[ 0195]

The content of the (C) solvent is 200 to 10, 000
parts by mass, and nore preferably 300 to 5,000 parts by
mass, with respect to 100 parts of the (A) resin or
conpound for formng an organic film Setting it in
this range allows the concentration to be adjusted
according to the filmthickness to be consuned.

[ 0196]

Further, in the materials for formng an organic
filmof the present invention, it is also possible to
add a high boiling point solvent having a boiling point
of 180°C or nore to the above-described solvent having a
boiling point of |ess than 180°C as an organic solvent (a
m xture of a solvent having a boiling point of |less than
180°C and a solvent having a boiling point of 180°C or
nore). The high-boiling organic solvent is not
particularly limted as long as it can dissolve the
conmpound for formng an organic film and nmay be, for
exanpl e, a hydrocarbon, an al cohol, a ketone, an ester,
an ether, or a chlorine-based solvent. Specific
exanpl es thereof include 1-octanol, 2-ethyl hexanol, 1-
nonanol, 1-decanol, 1-undecanol, ethylene glycol, 1, 2-

propyl ene glycol, 1, 3-butylene glycol, 2,4-pentanediol,
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2-nmet hyl - 2, 4- pent anedi ol , 2, 5-hexanediol, 2, 4-

hept anedi ol , 2-et hyl -1, 3- hexanedi ol , diethylene glycol,
di propyl ene glycol, triethylene glycol, tripro-pylene
gl ycol, glycerin, n-nonyl acetate, ethylene glycol
nonohexyl ether, ethylene glycol nono-2-ethyl hexyl

et her, ethyl ene glycol monophenyl ether, ethylene glycol
nonobenzyl ether, diethylene glycol nonoethyl ether,

di et hyl ene gl ycol nonoi sopropyl ether, diethylene glycol
nono n-butyl ether, diethylene glycol nono isobutyl

et her, diethylene glycol nonohexyl ether, diethylene

gl ycol nonophenyl ether, diethylene glycol nonobenzyl
et her, diethylene glycol diethyl ether, diethylene

gl ycol dibutyl ether, diethylene glycol butyl nethyl
ether, triethylene glycol dinmethyl ether, triethylene
gl ycol nono methyl ether, triethylene glycol n-butyl

et her, triethylene glycol butyl nmethyl ether,
triethylene glycol diacetate, tetraethylene glycol

di met hyl ether, dipropylene glycol nono nethyl ether,
di propyl ene gl ycol nono n-propyl ether, dipropylene

gl ycol Mono 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,
1, 3-butylene glycol diacetate, 1,6-hexanediol diacetate,

triethylene glycol diacetate, y-butyrol actone, dihexyl
mal onat e, diethyl succinate, dipropyl succinate, dibutyl
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succi nate, di hexyl succinate, dinmethyl adipate, diethyl
adi pate, and di butyl adi pate, and these nmay be used
singly or in conbination.

[0197]

The boiling point of the high boiling point solvent
may be appropriately sel ected according to the
tenperature at which the material for form ng an organic
filmis heat-treated. The boiling point of the high
boi ling point solvent to be added is preferably 180°C to
300°C, nore preferably 200°C to 300°C. When the boiling
point is too low, there is no risk of the sol vent
volatilizing too quickly during baking (heat treatnent),
and thus sufficient thermal fluidity can be obtai ned.

I n addition, when the boiling point is high, there is no
ri sk of the solvent remaining in the filmafter baking
wi t hout volatilizing, and thus there is no risk of
adversely affecting the film properties such as etching
resi stance.

[ 0198]

When using the above high boiling point solvent,

t he anount of the high boiling point solvent is
preferably 1 to 30 parts by nass with respect to 100
parts by mass of the solvent with a boiling point of

| ess than 180°C. W th such an anmount, there is no risk
of the anpunt being too small to inpart sufficient
thermal fluidity during baking, or the anmount being too
large to remain in the film leading to deterioration of
the film properties such as etching resistance.

[ 0199]

When such a material for formng an organic filmis
used, a high boiling point solvent is added to the above
resin or conpound for formng an organic film which is

then provided with thermal fluidity, resulting in a
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material for form ng an organic film which has both
hi gh enbeddi ng and pl anari zi ng properties.

[ 0200]

[ Ot her components]

I n addition, an acid generator or crosslinking
agent can be added to the conposition for form ng an
organic filmof the present invention to further pronote
the crosslinking reaction. As the acid generator, there
are those that generate an acid by thermal deconposition
and those that generate an acid by light irradiation,
and either of them can be added. Specific exanpl es of
t he acid generator include those described in paragraphs
[0061] to [0085] of JP 2007-199653 A. The above acid
generators can be used singly or in conbination of two
or nmore. When an acid generator is added, the anount of
the acid generator is preferably 0.05 to 50 parts by
mass, nore preferably 0.1 to 10 parts by mass, with
respect to 100 parts by nmass of the (A resin or
conmpound for formng an organic film This anmount
accelerates the cross-linking reaction and allows the
formati on of a dense menbrane.

[ 0201]

As specific exanples of crosslinking agents, those
descri bed i n paragraphs [0055] to [0060] of JP 2007-
199653 A are exenplified. The crosslinking agents can
be used singly or in conbination of two or nore. The
anmount of crosslinking agent added is preferably 1 to
100 parts by mass, nore preferably 5 to 50 parts by
mass, with respect to 100 parts by mass of the (A) resin
or conpound for formng an organic film Such an anount
enhances the curing properties and nakes it possible to
further suppress interm xing with the upper layer film
[ 0202]
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I n addition, a surfactant other than the (B)
conpound of the present invention can be added to the
conposition for formng an organic film of the present
i nvention in order to further inprove the in-plane
uniformty in spin coating. As specific exanples of the
surfactant, those described in paragraphs [0142] to
[0147] of JP 2009-269953 A can be exenplified. The
above surfactants can be used singly or in conbination
of two or nmore. When a surfactant is added, the anount
of the surfactant is preferably 0.01 to 10 parts by
mass, nore preferably 0.05 to 5 parts by mass, with
respect to 100 parts by mass of the resin or conmpound
for formng an organic film Wth such an anpunt, an
organic filmwth excellent in-plane uniformty can be
formed.

[ 0203]

Further, a basic conmpound can be added to the
conposition for formng an organic film of the present
invention to i nprove storage stability. The basic
conmpound acts as an acid quencher to prevent a snmal
anmopunt of acid generated fromthe acid generator from
proceedi ng with the crosslinking reaction. As specific
exanpl es of such basic conpounds, those described in
par agraphs [0086] to [0090] of JP 2007-199653 A can be
exemplified. The above basic conpounds can be used
singly or in conbination of two or nore. The anmpunt of
t he basic conmpounds added is preferably 0.05 to 50 parts
by mass, nore preferably 0.1 to 10 parts by nmass, with
respect to 100 parts by nass of the (A) resin or
conpound for formng an organic film Wth such an
ampunt, it is possible to inprove the storage stability
of the composition for formng an organic film
[ 0204]
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As descri bed above, the conposition for form ng an
organic filmof the present invention is a conposition
for formng an organic film which is excellent in
suppressing hunps during the EBR step

Therefore, the conposition for form ng an organic
filmof the present invention is extrenely useful as a
resi st underlayer filmmaterial (organic filmmterial)
for multi-layer resist processes such as a two-I|ayer
resi st process, a three-layer resist process using a
silicon-containing resist internediate filmor a
silicon-containing inorganic hard mask internedi ate
film and a four-layer resist process using a silicon-
containing resist internediate filmor a silicon-
contai ning inorganic hard mask internediate filmand an
organic antireflective film or adhesive film
[ 0205]

[ Met hod for form ng organic film

The present invention provides a nmethod for fornm ng
an organic filmused in a process for manufacturing a
sem conductor device, which includes spin-coating the
conposition for formng an organic film of the present
i nvention on a substrate to be processed, and heat -
treating the substrate coated with the conposition for
formng an organic filmat a tenperature of 100°C or nore
and 600°C or less for 10 to 600 seconds to cure the
organic film
[ 0206]

In this method for formng an organic film first,
t he conposition for formng an organic film of the
present invention described above is spin-coated onto
t he substrate to be processed. Using the spin-coating
met hod al |l ows favorabl e enbeddi ng properties to be

obtained. After removing the coating filmfromthe edge
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in the EBR step, baking (heat treatnment) is perfornmed to
pronote the crosslinking reaction. In addition, this
baki ng can evaporate the solvent in the conposition, and
thus m xing can be prevented when form ng a resist upper
| ayer filmor a silicon-containing resist internediate
filmon the organic film

[ 0207]

Baking is preferably perforned at a tenperature
bet ween 100°C and 600°C for 10 to 600 seconds, nore
preferably at a tenperature between 200°C and 500°C for
10 to 300 seconds. |In consideration of the effect on
devi ce damage and wafer deformation, the upper limt of
the heating tenperature in the |lithography wafer process
is preferably 600°C or |ess, nore preferably 500°C or
| ess. Perform ng heat treatnment under these conditions
pronotes the crosslinking reaction, and an organic film
that does not mx with the filmformed on the upper
| ayer can be forned.

[ 0208]
[Pattern form ng nethod]

The follow ng describes a pattern form ng nethod
usi ng the present conposition for form ng an organic
film
[ 0209]

[ Three-1 ayer resist process using silicon-containing
resist internediate film

The present invention provides a pattern formng
met hod i ncluding: formng an organic filmon a body to
be processed using the conposition for form ng an
organic film described above; formng a silicon-
containing resist internmediate filmon the organic film
using a silicon-containing resist internediate film

material; formng a resist upper layer filmon the
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silicon-containing resist internediate filmusing a
resi st upper layer filmmterial including a photoresist
conposition; formng a circuit pattern on the resist
upper layer film transferring a pattern by etching to
the silicon-containing resist intermediate film using
the resist upper layer filmon which the circuit pattern
is formed as a mask; transferring a pattern by etching
to the organic filmusing the silicon-containing resist
intermediate filmon which the pattern is transferred as
a mask; and further transferring a pattern by etching to
the body to be processed using the organic filmon which
the pattern is transferred as a mask.
[ 0210]

As the body to be processed, it is preferable to
use a sem conduct or device substrate, or the
sem conductor device substrate on which any of a netal
film a metal carbide film a netal oxide film a neta
nitride film a netal oxide carbide film and a neta
oxide nitride filmis fornmed, nore specifically, but not
limted to, substrates such as Si, a-Si, p-Si, S O,
SiN, SiON, W TiN, and Al, or the substrates on which
t he above-described nmetal filns and the |ike are forned
as the layer of the body to be processed, are used.
[0211]

As the processed | ayer, various lowk films such as
Si, SiG, SiON, SiN, p-Si, a-Si, W WSi, A, Cu, A-Si,
and the stopper filnms thereof are used, and they can be
formed to a thickness of typically 50 to 10,000 nm
especially 100 to 5,000 nm When formng the processed
| ayer, the substrate and the processed | ayer nmade of
different materials are used.
[0212]

The nmetal constituting the body to be processed is
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preferably silicon, titanium tungsten, hafnium
zirconium chrom um germani um copper, silver, gold,
al um num indium gallium arsenic, palladium iron
tantalum iridium nolybdenum or an alloy thereof.
[0213]

When form ng an organic filmon the body to be
processed using the conposition for form ng an organic
filmof the present invention, the method for form ng an
organic filmof the present invention described above
may be appli ed.

[ 0214]

Then, a resist internediate film (silicon-
containing resist internmediate film is formed on the
organic filmusing a resist internmediate film mteri al
containing silicon atons. As a resist internediate film
mat eri al containing silicon atons, a polysil oxane-based
intermediate filmmterial is preferable. Providing the
silicon resist-containing internediate filmw th an
antireflection effect allows reflection to be
suppressed. In particular, for 193 nm exposure, when a
mat eri al containing many aromati c groups and having high
etching selectivity with the substrate is used as the
conposition for formng an organic film the k value is
hi gh and the substrate reflection is high, but the
silicon-containing resist internediate film has
absorption as an appropriate k value, allow ng
suppression of the reflection and reduction of the
substrate reflection to 0.5%or less. As silicon-
containing resist internediate filnms with antireflection
effects, anthracene is preferably used for 248 nm and
157 nm exposure, and pol ysil oxanes that have a pendant
structure with a |ight-absorbing group having a phenyl

group or a silicon-silicon bond and are crosslinked by
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acid or heat for 193 nm exposure are preferably used.
[ 0215]

Then, a resist upper layer filmis formed on the
silicon-containing resist internediate filmusing a
resi st upper layer filmmterial including a photoresist
conposition. The resist upper layer filmmterial may
be either positive or negative, and the sanme one as a
commonly used phot oresi st conposition can be used.

After spin-coating the resist upper layer filmmaterial,
it is preferable to perform pre-baking at 60 to 180°C for
10 to 300 seconds. Thereafter, exposure is perfornmed
according to a conventional method, followed by post-
exposure baking (PEB) and devel opnment to provide a
resi st upper layer filmpattern. The thickness of the
resi st upper layer filmis not particularly limted, but
is preferably 30 to 500 nm and nore preferably 50 to
400 nm

[ 0216]

Then, a circuit pattern (resist upper layer film
pattern) is formed on the resist upper layer film The
circuit pattern is preferably formed by |ithography
using light with a wavel ength of 10 nm or nore and 300
nmor |ess, direct drawing with an el ectron beam
nanoi nprinting, or a conbination thereof.

[0217]

The exposure light may be high energy rays with a
wavel ength of 300 nm or less, specifically far
ultraviolet light, KrF excimer laser light (248 nm, ArF
excimer |aser light (193 nm, F> laser light (157 nm,
Kro |aser light (146 nm, Ar> laser light (126 nm, soft
X-rays (EUV) of 3 to 20 nm electron beam (EB), ion
beam X-ray, and the liKke.

[ 0218]

119



In addition, in formng the circuit pattern, it is
preferable to develop the circuit pattern with an
al kal i ne devel oper or an organi c sol vent.

[ 0219]

Then, the pattern is transferred to the silicon-
containing resist internediate film by etching using the
resi st upper layer filmwth the formed circuit pattern
as a mask. The etching of the silicon-containing resist
intermediate filmusing the resist upper layer film
pattern as a mask is preferably perforned using a
fluorocarbon-based gas. This transfers the silicon-
containing resist internmediate film pattern.

[ 0220]

Then, the pattern is transferred to the organic
filmby etching using the silicon-containing resist
intermediate filmwth the transferred pattern as a
mask. The silicon-containing resist internediate film
exhi bits resistance to etching by oxygen gas or hydrogen
gas, and thus it is preferable to use an etchi ng gas
mai nl y conmposed of oxygen gas or hydrogen gas to etch
the organic filmusing the silicon-containing resist
intermediate filmpattern as a mask. This transfers the
organic film pattern.

[ 0221]

Then, the pattern is transferred to the body to be
processed by etching using the organic filmwth the
transferred pattern as a mask. The subsequent etching
of the body to be processed (layer to be processed), can
be performed by standard nethods. For exanple, when the
body to be processed is Si®, SIN, or a silica-based | ow
di el ectric constant insulating film etching is
performed mainly with chlorofl uorocarbon-based gases,
and when it is p-Si, Al, or W etching is perfornmed
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mainly with chlorine- or brom ne-based gases. When
substrate processing is perforned by etching with

chl orof | uorocar bon-based gas, the silicon-containing
resi st underlayer filmpattern is renoved at the sane
time as the substrate processing. On the other hand,
when substrate processing is perfornmed by etching with
chl ori ne-based or brom ne-based gas, a separate dry
etching renmoval with fluorocarbon gas nust be perforned
after substrate processing in order to renmove the
silicon-containing resist underlayer film pattern.

[ 0222]

The organic filmobtained by using the conposition
for formng an organic filmof the present invention can
have excellent etching resistance when etching the body
to be processed as described above.

[ 0223]

[ Four-1layer resist process using silicon-containing
resist internediate filmand organic antireflective film
or adhesive film

The present invention also provides a pattern
form ng method including: formng an organic filmon a
body to be processed using the conposition for form ng
an organic filmdescribed above; formng a silicon-
containing resist intermediate filmon the organic film
using a silicon-containing resist internediate film
material; formng an organic antireflective film or
adhesive filmon the silicon-containing resist
internediate film form ng a resist upper |ayer filmon
the organic antireflective filmor the adhesive film
using a resist upper layer filmmaterial including a
phot oresi st conposition; formng a circuit pattern on
the resist upper layer film transferring a pattern by

etching to the organic antireflective filmor the
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adhesive filmand the silicon-containing resist
intermediate filmusing the resist upper layer film on
which the circuit pattern is formed as a nmask;
transferring a pattern by etching to the organic film
using the silicon-containing resist internmediate filmon
which the pattern is transferred as a mask; and further
transferring a pattern by etching to the body to be
processed using the organic filmto which the pattern is
transferred as a mask.

[ 0224]

This method can be perfornmed in the same manner as
the three-|layer resist process using the silicon-
containing resist internediate film descri bed above,
except that an organic antireflective film (BARC) or
adhesive filmis formed between the silicon-containing
resist internediate filmand the resist upper |ayer.

[ 0225]

The organic antireflective filmand adhesive film
can be fornmed by spin coating using known organic
antireflective filmmterials.

[ 0226]

[ Three-1 ayer resist process using an inorganic hard
mask intermediate film

The present invention also provides a pattern
form ng nmethod including: formng an organic filmon a
body to be processed using the conposition for form ng
an organic filmdescribed above; form ng an inorganic
hard mask intermediate film selected froma silicon
oxide film a silicon nitride film and a silicon oxide
nitride filmon the organic film formng a resist upper
| ayer filmon the inorganic hard mask intermediate film
using a resist upper layer filmmaterial including a

phot oresi st conposition; formng a circuit pattern on
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the resist upper layer film transferring a pattern by
etching to the inorganic hard mask internediate film
using the resist upper layer filmon which the circuit
pattern is formed as a mask; transferring a pattern by
etching to the organic filmusing the inorganic hard
mask intermediate filmon which the pattern is
transferred as a mask; and further transferring a
pattern by etching to the body to be processed using the
organic filmon which the pattern is transferred as a
mask.

[ 0227]

This method can be perforned in the same manner as
the three-layer resist process using the silicon-
containing resist internmediate filmdescri bed above,
except that an inorganic hard mask internediate filmis
formed on the organic filminstead of the silicon-
containing resist internediate film
[ 0228]

The inorganic hard mask internmediate film sel ected
fromthe group consisting of silicon oxide film silicon
nitride film and silicon oxide nitride film (SiON film
can be fornmed by the CVD met hod, the ALD nethod, and the
i ke. Methods for formng silicon nitride filns are
descri bed, for exanple, in JP 2002-334869 A and WO 2004-
066377. The thickness of the inorganic hard mask
intermediate filmis preferably 5 to 200 nm nore
preferably 10 to 100 nm As the inorganic hard mask
intermediate film a SiON film which is highly
effective as an antireflection film is nost preferably
used.

[ 0229]
[ Four -1 ayer resist process using an inorganic hard

mask internmediate filmand organic antireflective film
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or adhesive film

The present invention also provides a pattern
form ng method including: formng an organic filmon a
body to be processed using the conposition for formng
an organic fil mdescribed above; form ng an inorganic
hard mask intermediate film selected froma silicon
oxide film a silicon nitride film and a silicon oxide
nitride filmon the organic film form ng an organic
antireflective filmor adhesive filmon the inorganic
hard mask internmediate film formng a resist upper
| ayer filmon the organic antireflective filmor the
adhesive filmusing a resist upper |layer filmnmateri al
i ncludi ng a photoresist conposition; formng a circuit
pattern on the resist upper layer film transferring a
pattern by etching to the organic antireflective film or
t he adhesive filmand the inorganic hard mask
intermediate filmusing the resist upper layer filmon
which the circuit pattern is fornmed as a nmask;
transferring a pattern by etching to the organic film
using the inorganic hard mask internmediate filmon which
the pattern is transferred as a mask; and further
transferring a pattern by etching to the body to be
processed using the organic filmto which the pattern is
transferred as a mask.

[ 0230]

This method can be perforned in the same manner as
the three-|layer resist process using the inorganic hard
mask i nternmediate film described above, except that an
organic antireflective film (BARC) or adhesive filmis
formed between the inorganic hard mask internmediate film
and the resist upper layer film
[ 0231]

In particular, when a SION filmis used as an
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I norgani ¢ hard mask internediate film the two-1|ayer
antireflection filmof the SiON filmand BARC makes it
possi ble to suppress reflections in imrersion exposure
with a high NA exceeding 1.0. Another advantage of
formng a BARCis to reduce the tailing of the resist
upper |ayer filmpattern directly above the SiON film
[ 0232]

Herein, an exanple of the pattern form ng nethod
using the three-layer resist process of the present
I nvention is shown in FIGS. 3(A) to (F). In the case of
the three-|ayer resist process, as shown in FIG 3(A,
an organic film3 is forned on a | ayer of a body to be
processed 2 formed on a substrate 1 using the
conposition for formng an organic filmaccording to the
present invention, and then a silicon-containing resist
intermediate film4 is formed on top of that, and a
resi st upper layer filmb5 is formed thereon.

Then, as shown in FIG 3(B), an exposed portion 6
of the resist upper layer filmb5 is exposed and PEB
(post - exposure bake) is perfornmed. Then, as shown in
FIG 3(C), developnent is perforned to forma resi st
upper layer filmpattern 5a. Then, as shown in FIG
3(D), the silicon-containing resist internediate film4
is dry-etched using a chl orofl uorocarbon-based gas with
the resist upper layer filmpattern 5a as a mask to form
a silicon-containing resist intermediate film pattern
4a. Then, as shown in FIG 3(E), after renoving the
resi st upper layer filmpattern 5a, the organic film3
i's oxygen plasma etched using the silicon-containing
resist internediate filmpattern 4a as a mask to form an
organic filmpattern 3a. Further, as shown in FIG
3(F), after renoving the silicon-containing resist

internediate filmpattern 4a, the processed |layer 2 is
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etched using the organic filmpattern 3a as a nask to
forma pattern 2a. Suppressing the hunp during organic
filmformation allows reduction of defects that occur
due to the hunp in the organic filmduring dry etching
processing in FIGS. (D), (E), and (F).

[ 0233]

When form ng an i norganic hard mask internmedi ate
film the silicon-containing resist intermediate film4
may be changed to an inorganic hard mask i nternedi ate
film and when form ng a BARC or adhesive film the BARC
or adhesive film mmy be forned between the silicon-
containing resist internediate film4 and the resi st
upper layer film5. The etching of the BARC or adhesive
filmmy be perfornmed consecutively prior to the etching
of the silicon-containing resist internediate film4, or
the etching of the silicon-containing resist
intermediate film4 may be perfornmed by changi ng the
etching device after etching only the BARC or adhesive
film
[ 0234]

As descri bed above, the pattern form ng nethod
according to the present invention allows formation of a
fine pattern on the body to be processed with high
precision using a nulti-layer resist process, and
reduction of defects caused by hunps in the organic film
by suppressing the formati on of hunps in the organic

film

Exanpl es
[ 0235]

The present invention will be explained in nore
detail below with the foll owi ng synthesis exanpl es,

conparative synthesis exanpl es, exanples, and
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conparative exanples, but the present invention is not

limted to these. The nol ecul ar wei ght was measured by
the follow ng nmethod specifically. The weight average

mol ecul ar wei ght (Mwy) and nunber average nol ecul ar

wei ght (M) in ternms of polystyrene were determ ned by
gel perneation chromatography (GPC) using

t etrahydrofuran as the eluent (solvent), and the

di spersity (Mv Mh) was determ ned.

[ 0236]

[ Synt hesis of polyners (Al) to (Al8)]

The nononmers (ml) to (nml5) shown bel ow were used to
synt hesi ze polynmers (Al) to (Al8) used as polyners of
materials for form ng an organic film
[ 0237]

[ Mononer |
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[ Synt hesis Exanple 1] Synthesis of polyner (Al)

10.0 g of propylene glycol nmononethyl ether acetate
(PGVEA) was heated and stirred at 80°C under a nitrogen
at nosphere. To this, a mxture of 5.91 g (15.0 nmmol) of
a mononmer (ml), 0.345 g (1.5 mmol) of dinethyl 2, 2-
azobi s(2-nmet hyl propi onate) as a polynerization
initiator, and 20.0 g of PGVEA were added dropw se over
4 hours. After further heating and stirring for 16
hours, the m xture was cooled to roomtenperature to
provi de a PGVEA solution of a target polynmer (Al).

Anal ysis reveal ed that the wei ght average nol ecul ar
wei ght (Mw) of the polynmer (Al) was 14900 and the
di spersity (Mv M) was 1.65.

(A1)

[ 0239]

[ Synthesis Exanples 2 to 18] Polynmers (A2) to (Al18)
Except for the mononmers, ampunts charged, and

anmount of polynerization initiator charged, which were

used, as shown in Table 1, the polynmers (A2) to (Al8)

shown bel ow were obtained by the method simlar to

Synt hesis Exanple 1. The weight average nol ecul ar

wei ght (Mwn) and dispersity (Mwv VMn) obtained by GPC are

al so shown. Synthesis Exanple 1 is al so shown.
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[ Tabl e 1]

Synthesis Example Polymer g)nount charged Polymer '3?; (:;:(tj @ amgggt:gaﬁgggzgization
Synthesis Example 1 m1 5.91 - 0.345
Synthesis Example 2 m2 8.62 . 0.345
Synthesis Example 3 m3 11.47 . 0.345
Synthesis Example 4 mé 8.44 ) 0.345
Synthesis Example 5 mb 8.98 ) 0.345
Synthesis Example 6 m6 9.70 ) 0.345
Synthesis Example 7 m7 6.09 . 0.345
Synthesis Example 8 m8 11.47 . 0.345
Synthesis Example 9 m9 9.94 ) 0.345
Synthesis Example 10 m10 6.52 ) 0.345
Synthesis Example 11 m11 9.46 ) 0.345
Synthesis Example 12 m12 9.28 . 0.345
Synthesis Example 13 m13 10.54 . 0.345
Synthesis Example 14 m2 6.89 m14 1.45 0.345
Synthesis Example 15 m4 422 m15 1.97 0.345
Synthesis Example 16 mé 485 m15 1.97 0.345
Synthesis Example 17 mé 485 m15 1.97 0.104
Synthesis Example 18 m7 4.35 m15 0.79 0.345
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[ 0240]

[ Synt hesis of polynmers (A19) to (A25)]

132



The di ol conpounds and acetoacetate ester
derivatives (M) to (MB) shown bel ow were used to
synt hesi ze the polyners (A19) to (A25) used as polymers
of materials for formng organic fil nms.

[ 0241]
[ Mononer |
/\/\/OH
HO
HO/\/OH

) (M2)
HO/\/\/\/OH HO/\/O\/\OH

(M3) (M4)

(Mé)

(M7) (M8
[ 0242]
[ Synt hesis Exanple 19] Synthesis of polyner (Al9)
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‘60\/\0
= F
F
F F F F (A19)

Under a nitrogen atnosphere, 1.0 g of a nononer
(M), 9.1 g of a nonomer (Ms), and 20 g of xylene were
added to a flask, and the reaction was perfornmed for 2
hours at an internal tenperature of 140°C while renoving
t-butyl al cohol produced by the ester exchange reaction
fromthe system The internal tenperature was then
rai sed to 160°C while renoving t-butyl alcohol and o-
xylene fromthe system and the reaction was perfornmed
at the internal tenperature of 160°C for 6 hours. After
cooling to an internal tenperature of 50°C, 200 g of
hexane was added to precipitate the polynmer in a gum
like form The m xture was then cooled to room
tenperature and left to stand at room tenperature for 1
hour, and then the supernatant |iquid was decanted. 100
g of PGVEA (propylene glycol nonomethyl ether acetate)
was added to the residue to prepare a honbgeneous
solution, then the water and | ow boiling point solvents
were distilled off and the concentration was adjusted to
recover a PGVEA solution with a stabilizer conmpound
(A19) having a concentration of 50%
(A19): Mwv = 14800, MW Mh = 1.79
[ 0243]
[ Synt hesi s Exanple 20] Synthesis of polyner (A20)
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F3CO OCF3 (A 2 O)

Under a nitrogen atnosphere, 1.0 g of a nononer
(ML), 8.9 g of a nonomer (Ms), and 20 g of xylene were
added to a flask, and the reaction was perfornmed for 2
hours at an internal tenperature of 140°C while renoving
t-butyl al cohol generated by the ester exchange reaction
fromthe system The internal tenperature was then
rai sed to 160°C while renoving t-butyl alcohol and o-
xylene fromthe system and the reaction was perfornmed
at the internal tenperature of 160°C for 6 hours. After
cooling to an internal tenperature of 50°C, 200 g of
hexane was added to precipitate the polynmer in a gum
like form The m xture was then cooled to room
tenperature and left to stand at room tenperature for 1
hour, and then the supernatant |iquid was decanted. 100
g of PGVEA (propylene glycol nonomethyl ether acetate)
was added to the residue to prepare a honbgeneous
solution, then the water and | ow boiling point solvent
were distilled off and the concentration was adjusted to
recover a PGVEA solution with the stabilizer conpound
(A20) having a concentration of 50%
(A20): Mw = 18100, MW Mh = | .88
[ 0244]
[ Synt hesi s Exanple 21] Synthesis of polyner (A21)

135



fo\/\o

Under a nitrogen atnosphere, 1.0 g of a nononer
(M), 10.2 g of a nononmer (M7), and 20 g of xylene were
added to a flask, and the reaction was perfornmed for 2
hours at an internal tenperature of 140°C while renoving
t-butyl al cohol generated by the ester exchange reaction
fromthe system The internal tenperature was then
rai sed to 160°C while renoving t-butyl alcohol and o-
xylene fromthe system and the reaction was perfornmed
at the internal tenperature of 160°C for 6 hours. After
cooling to an internal tenperature of 50°C, 200 g of
hexane was added to precipitate the polynmer in a gum
like form The m xture was then cooled to room
tenperature and left to stand at room tenperature for 1
hour, and then the supernatant |iquid was decanted. 100
g of PGVEA (propylene glycol nonomethyl ether acetate)
was added to the residue to prepare a honbgeneous
solution, then the water and | ow boiling point solvent
were distilled off and the concentration was adjusted to
recover a PGVEA solution with the stabilizer conpound
(A21) having a concentration of 50%
(A21): Mw = 17300, MW Mh = | .67
[ 0245]
[ Synt hesis Exanple 22] Synthesis of polyner (A22)
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F3C CF3 (A 2 2)

Under a nitrogen atnosphere, 1.0 g of a nononer
(M), 6.5 g of a nonomer (MB), and 20 g of xyl ene were
added to a flask, and the reaction was perforned for 2
hours at an internal tenperature of 140°C whil e renoving
t-butyl al cohol generated by the ester exchange reaction
fromthe system The internal tenperature was then
raised to 160°C while renoving t-butyl alcohol and o-
xyl ene fromthe system and the reaction was perforned
at the internal tenperature of 160°C for 6 hours. After
cooling to an internal tenperature of 50°C, 200 g of
hexane was added to precipitate the polyner in a gum
like form The m xture was then cooled to room
tenperature, left to stand at roomtenperature for 1
hour, and the supernatant was decanted. 100 g of PGVEA
(propyl ene glycol nononmethyl ether acetate) was added to
the residue to prepare a honogeneous solution, then the
wat er and | ow boiling point solvent were distilled off,
and the concentration was adjusted to recover a PGVEA
solution with the stabilizer conpound (A22) having a
concentration of 50%
(A22): Mw = 21000, MV Mh = | .46
[ 0246]
[ Synt hesis Exanple 23] Synthesis of polyner (A23)
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F F F F (A23)

Under a nitrogen atnosphere, 1.5 g of a nononer
(M), 9.4 g of a nonomer (Ms), and 20 g of xyl ene were
added to a flask, and the reaction was perfornmed for 2
hours at an internal tenperature of 140°C while renoving
t-butyl al cohol generated by the ester exchange reaction
fromthe system The internal tenperature was then
rai sed to 160°C while renoving t-butyl alcohol and o-
xylene fromthe system and the reaction was perfornmed
at the internal tenperature of 160°C for 6 hours. After
cooling to an internal tenperature of 50°C, and 200 g of
hexane was added to precipitate the polynmer in a gum
like form The m xture was then cooled to room
tenperature, left to stand at roomtenperature for 1
hour, and the supernatant was decanted. 100 g of PGVEA
(propyl ene glycol nononethyl ether acetate) was added to
the residue to prepare a honogeneous solution, then the
wat er and | ow boiling point solvent were distilled off,
and the concentration was adjusted to recover a PGVEA
solution with the stabilizer conpound (A23) having a
concentration of 50%
(A23): Mw = 12400, MW Mh = | .66
[ 0247]
[ Synt hesi s Exanpl e 24] Synthesis of polyner (A24)
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‘%O o
FsCO OCF; (A24)

Under a nitrogen atnosphere, 2.0 g of a nononer
(M3), 9.4 g of a nonomer (Ms), and 20 g of xyl ene were
added to a flask, and the reaction was perfornmed for 2
hours at an internal tenperature of 140°C while renoving
t-butyl al cohol generated by the ester exchange reaction
fromthe system The internal tenperature was then
rai sed to 160°C while renoving t-butyl alcohol and o-
xylene fromthe system and the reaction was perfornmed
at the internal tenperature of 160°C for 6 hours. After
cooling to an internal tenperature of 50°C, 200 g of
hexane was added to precipitate the polynmer in a gum
like form The m xture was then cooled to room
tenperature, left to stand at roomtenperature for 1
hour, and the supernatant was decanted. 100 g of PGVEA
(propyl ene glycol nononethyl ether acetate) was added to
the residue to prepare a honogeneous solution, then the
wat er and | ow boiling point solvent were distilled off,
and the concentration was adjusted to recover a PGVEA
solution with the stabilizer conpound (A24) having a
concentration of 50%
(A24): Mw = 19200, MW Mh = 1.91
[ 0248]
[ Synt hesi s Exanpl e 25] Synthesis of polyner (A25)
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F5S SF5 (A 2 5)

Under a nitrogen atnosphere, 2.0 g of a nononer
(m4), 12.0 g of a nononmer (M7), and 20 g of xylene were
added to a flask, and the reaction was perfornmed for 2
hours at an internal tenperature of 140°C while renoving
t-butyl al cohol generated by the ester exchange reaction
fromthe system The internal tenperature was then
rai sed to 160°C while renoving t-butyl alcohol and o-
xylene fromthe system and the reaction was perfornmed
at the internal tenperature of 160°C for 6 hours. After
cooling to an internal tenperature of 50°C, 200 g of
hexane was added to precipitate the polynmer in a gum
like form The m xture was then cooled to room
tenperature, left to stand at roomtenperature for 1
hour, and the supernatant was decanted. 100 g of PGVEA
(propyl ene glycol nononethyl ether acetate) was added to
the residue to nake a honobgeneous solution, then the
wat er and | ow boiling point solvent were distilled off,
and the concentration was adjusted to recover a PGVEA
solution with the stabilizer conpound (A25) having a
concentration of 50%
(A25): Mw = 16100, MW Mh = |.55
[ 0249]
[ Synt hesis of conparative polynmers (Rl) to (R5)]

The foll owing nononers (nmrl) to (nr6) were used to
synt hesi ze conparative polynmers (Rl) to (R5) used to

prepare the conposition for formng an organic film
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[0250]

[ Conparative Synthesis Exanple 1] Synthesis of
conparative polymer (R1)

/éfm 76
H

CF,
/
F,C

|
FZC\
CF3 (R 1 )

Under a nitrogen atnosphere, 6.0 g of PGVEA was
heated and stirred at 80°C. To this, a mxture of 3.44 ¢
(0.011 nol) of a mononer (nrl), 7.46 g (0.034 nol) of a
mononer (nr3), 0.350 g of dimethyl 2,2-azobis(2-
met hyl propi onate), and 34 g of PGVEA was added dropw se
over a period of 4 hours. After further heating and
stirring for 16 hours, the m xture was cooled to room
tenperature to provide a PGVEA sol ution of the target
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pol ymer (R1).

The wei ght average nol ecul ar wei ght (Mw) and
di spersity (Mv Mh) were determ ned by GPC, with the
follow ng result.
(RI): Mv = 13500, MV M = |.56
[ 0251]
[ Conparative Synt hesis Exanple 2] Synthesis of
conparative polymer (R2)

O\o 07 o >

CF,
F,c”

|
F2C_

CF; (R 2)

Under a nitrogen atnosphere, 6.0 g of PGVEA was
heated and stirred at 80°C. To this, a m xture of 1.43 g
(0.005 nol) of a mononer (nrl), 5.76 g (0.041 nol) of a
nonomer (nr4), 0.250 g of dinethyl 2,2-azobis(2-
met hyl propi onate), and 34 g of PGVEA was added dropw se
over 4 hours. After further heating and stirring for 16
hours, the m xture was cooled to roomtenperature to
provi de a PGVEA sol ution of the target polynmer (R2).

The wei ght average nol ecul ar wei ght (Mw) and
di spersity (M Mh) were determ ned by GPC, and the
result was as foll ows.

(R2): Mw = 12800, Mw Mh = 1.57

[ 0252]

[ Conparative Synt hesis Exanple 3] Synthesis of
conpar ative polymer (R3)
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FsC CFy (R 3)

Under a nitrogen atnosphere, 6.0 g of PGVEA was
heated and stirred at 80°C. To this, a m xture of 7.00 g
(0.032 nol) of a mononer (nr2), 1.92 g (0.014 nol) of a
mononer (nr3), 0.250 g of dinmethyl 2,2-azobis(2-
met hyl propi onate), and 34 g of PGVEA was added dropw se
for 4 hours. After further heating and stirring for 16
hours, the m xture was cooled to roomtenperature to
provi de a PGVEA solution of the target polynmer (R3).

The wei ght average nol ecul ar wei ght (Mvy) and
di spersity (M Mh) were determ ned by GPC, and the
result was as foll ows.

(R3): Mwv = 16400, MW Mh = |.75

[ 0253]

[ Conparative Synthesis Exanple 4] Synthesis of
conparative polymer (R4)

A

Under a nitrogen atnosphere, 6.0 g of PGVEA was
heated and stirred at 80°C. To this, a mxture of 5.00 g
(0.023 mol) of (nr2), 3.20 g (0.023 mol) of (nr5), O0.345
g of dinethyl 2,2-azobis(2-methylpropionate), and 34 g
of PGVEA was added dropwi se for 4 hours. After further
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heating and stirring for 16 hours, the m xture was
cooled to roomtenperature to provide a PGVEA sol ution
of the target polyner (R4).

The wei ght average nol ecul ar wei ght (Mv) and
di spersity (Mwv Mh) were determ ned by GPC, and the
result was obtained as follows.
(R4): Mw = 13300, MW/ WMn = 1.39
[ 0254]
[ Conparative Synthesis Exanple 5] Synthesis of
conparative polymer (R5)

20
/Pr g

o 0O

A

F3C  CFj

HO (R5)

Under a nitrogen atnosphere, 6.0 g of PGVEA was
heated and stirred at 80°C. To this, a mxture of 2.00 g
(0.009 nmol) of (nr2), 5.41 g (0.036 mol) of (nr6), 0.300
g of dinethyl 2,2-azobis(2-methylpropionate), and 34 g
of PGVEA was added dropwi se for 4 hours. After further
heating and stirring for 16 hours, the m xture was
cooled to roomtenperature to provide a PGVEA sol ution
of the target polyner (R5).

The wei ght average nol ecul ar wei ght (Mw) and
di spersity (Mwv Mh) were determ ned by GPC, and the
result was as foll ows.

(R5): Mw = 9800, MW M = |.55
[ 0255]
[ Resin or conpound for formng organic film

Cl: Resin represented by the following fornmula (Cl1)
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C2:
C3:
C4:
C5:
C6:

Resin represented by
Conpound represent ed
Conpound represent ed
Resin represented by
Resin represented by

[ 0256]

- e
=“_ _4J - J_||L»{;4)_
¢ ,;QHJHL}—H; Y
= e
L P
L
~ [
=5 \._Io

the following fornula (C2)
by the follow ng fornmula (C3)
by the follow ng fornmula (C4)
the following fornula (C5)
the following fornula (C6)

(C1)

(C2)
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(e (C6)

[ 0257]

[ Sol vent ]

D1: Propylene glycol nonomethyl ether acetate

D2: Propyl ene glycol nonoethyl ether

[ 0258]

[ Preparation of conpositions for formng organic film
(UDL-1 to 89, conparative UDL-1 to 16)]

The above polynmers (Al) to (A25), conparative
polynmers (R1) to (R5), resins or conpounds for formng
organic films (Cl) to (C6), and solvents were dissol ved
in the ratios shown in Tables 2 to 4, and the organic
filmmaterials (resist underlayer filmmterials: UDL-1
to 89, conparative exanples UDL-1 to 16) were prepared

by filtering through a 0.1 umfluororesin filter.
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[ Tabl e 2]

Composition for sesip or compound for Polymer or comparative Solvent 1 Solvent 2

forming organic- ‘orming organic film polymer

film Type Parts by Type Parts by Type Parts by Type Parts by
mass mass mass mass

UDL-1 (C1) 10.00 (A1) 0.10 (D1) 89.90

UDL-2 (C1) 10.00 (A2) 0.10 (D1) 89.90

UDL-3 (C1) 10.00 (A3) 0.10 (D1) 89.90

UDL-4 (C1) 10.00 (A4) 0.10 (D1) 89.90

UDL-5 (C1) 10.00 (A5) 0.10 (D1) 89.90

UDL-6 (C1) 10.00 (A6) 0.10 (D1) 89.90

UDL-7 (C1) 10.00 (AT) 0.10 (D1) 89.90

UDL-8 (C1) 10.00 (A8) 0.10 (D1) 89.90

UDL-9 (C1) 10.00 (A9) 0.10 (D1) 89.90

UDL-10 (C1) 10.00 (A10) 0.10 (D1) 89.90

UDL-11 (C1) 10.00 (A11) 0.10 (D1) 89.90

UDL-12 (C1) 10.00 (A12) 0.10 (D1) 89.90

UDL-13 (C1) 10.00 (A13) 0.10 (D1) 89.90

UDL-14 (C1) 10.00 (A14) 0.10 (D1) 89.90

UDL-15 (C1) 10.00 (A15) 0.10 (D1) 89.90

UDL-16 (C1) 10.00 (A16) 0.10 (D1) 89.90

UDL-17 (C1) 10.00 (A17) 0.10 (D1) 89.90

UDL-18 (C1) 10.00 (A18) 0.10 (D1) 89.90

UDL-19 (C1) 10.00 (A19) 0.10 (D1) 89.90

UDL-20 (C1) 10.000 (A20) 0.10 (D1) 89.90

UDL-21 (C1) 10.00 (A21) 0.10 (D1) 89.90

UDL-22 (C1) 10.00 (A22) 0.10 (D1) 89.90

UDL-23 (C1) 10.00 (A23) 0.10 (D1) 89.90

UDL-24 (C1) 10.00 (A24) 0.10 (D1) 89.90

UDL-25 (C1) 10.00 (A25) 0.10 (D1) 89.90

UDL-26 (C1) 10.00 (Ad4) 0.10 (D1) 62.93 (D2) 26.97

uDL-27 (C1) 10.00 (A11) 0.10 (D1) 62.93 (D2) 26.97

UDL-28 (C1) 10.00 (A16) 0.10 (D1) 62.93 (D2) 26.97

UDL-29 (C1) 10.00 (A20) 0.10 (D1) 62.93 (D2) 26.97

UDL-30 (C1) 10.00 (A21) 0.10 (D1) 62.93 (D2) 26.97

UDL-31 (C1) 10.00 (A23) 0.10 (D1) 62.93 (D2) 26.97

UDL-32 (C1) 10.00 (A16) 1.000 (D1) 89.00

UDL-33 (C1) 10.00 (A16) 0.500 (D1) 89.50

UDL-34 (C1) 10.00 (A16) 0.001 (D1) 90.00

UDL-35 (C2) 10.00 (Ad4) 0.10 (D1) 89.90

UDL-36 (C2) 10.00 (A11) 0.10 (D1) 89.90

UDL-37 (C2) 10.00 (A16) 0.10 (D1) 89.90

UDL-38 (C2) 10.00 (A20) 0.10 (D1) 89.90

UDL-39 (C2) 10.00 (A21) 0.10 (D1) 89.90

UDL-40 (C2) 10.00 (A23) 0.10 (D1) 89.90
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[ 0259]

[ Tabl e 3]
So?ﬁiﬁzsgigg r::)cr E?ﬂ%g;ig?nﬁgl%m for Egm:rr or comparative Solvent 1 Solvent 2
film Type Parts by Type Parts by Type Parts by Type Parts by
mass mass mass mass
UDL-41 (C3) 10.00 (A4) 0.10 (D1) 89.90
UDL-42 (C3) 10.00 (A11) 0.10 (D1) 89.90
UDL-43 (C3) 10.00 (A16) 0.10 (D1) 89.90
UDL-44 (C3) 10.00 (A20) 0.10 (D1) 89.90
UDL-45 (C3) 10.00 (A21) 0.10 (D1) 89.90
UDL-46 (C3) 10.00 (A23) 0.10 (D1) 89.90
uDL-47 (C4) 10.00 (A4) 0.10 (D1) 89.90
UDL-48 (C4) 10.00 (A11) 0.10 (D1) 89.90
UDL-49 (C4) 10.00 (A16) 0.10 (D1) 89.90
UDL-50 (C4) 10.00 (A20) 0.10 (D1) 89.90
UDL-51 (C4) 10.00 (A21) 0.10 (D1) 89.90
UDL-52 (C4) 10.00 (A23) 0.10 (D1) 89.90
UDL-53 (C5) 10.00 (A4) 0.10 (D1) 89.90
UDL-54 (C5) 10.00 (A11) 0.10 (D1) 89.90
UDL-55 (C5) 10.00 (A16) 0.10 (D1) 89.90
UDL-56 (C5) 10.00 (A20) 0.10 (D1) 89.90
UDL-57 (C5) 10.00 (A21) 0.10 (D1) 89.90
UDL-58 (C5) 10.00 (A23) 0.10 (D1) 89.90
UDL-59 (C6) 10.00 (A4) 0.10 (D1) 89.90
UDL-60 (C6) 10.00 (A11) 0.10 (D1) 89.90
UDL-61 (C6) 10.00 (A16) 0.10 (D1) 89.90
UDL-62 (C6) 10.00 (A20) 0.10 (D1) 89.90
UDL-63 (C6) 10.00 (A21) 0.10 (D1) 89.90
UDL-64 (C6) 10.00 (A23) 0.10 (D1) 89.90
UDL-65 (C1) 25.00 (A1) 0.25 (D1) 74.75
UDL-66 (C1) 25.00 (A2) 0.25 (D1) 74.75
UDL-67 (C1) 25.00 (A3) 0.25 (D1) 74.75
UDL-68 (C1) 25.00 (A4) 0.25 (D1) 74.75
UDL-69 (C1) 25.00 (A5) 0.25 (D1) 74.75
UDL-70 (C1) 25.00 (AB) 0.25 (D1) 74.75
UDL-71 (C1) 25.00 (A7) 0.25 (D1) 74.75
UDL-72 (C1) 25.00 (A8) 0.25 (D1) 74.75
UDL-73 (C1) 25.00 (A9) 0.25 (D1) 74.75
UDL-74 (C1) 25.00 (A10) 0.25 (D1) 74.75
UDL-75 (C1) 25.00 (A11) 0.25 (D1) 74.75
UDL-76 (C1) 25.00 (A12) 0.25 (D1) 74.75
UDL-77 (C1) 25.00 (A13) 0.25 (D1) 74.75
UDL-78 (C1) 25.00 (A14) 0.25 (D1) 74.75
UDL-79 (C1) 25.00 (A15) 0.25 (D1) 74.75
UDL-80 (C1) 25.00 (A16) 0.25 (D1) 74.75
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[ 0260]

[ Tabl e 4]
Composition for FESi.n or compou'nd for | Polymer or Solvent 1 Solvent 2
forming organic- orming organic film comparative polymer
UDL-81 (C1) 25.00 (A17) 0.25 (D1) 74.75
UDL-82 (C1) 25.00 (A18) 0.25 (D1) 74.75
UDL-83 (C1) 25.00 (A19) 0.25 (D1) 74.75
UDL-84 (C1) 25.00 (A20) 0.25 (D1) 74.75
UDL-85 (C1) 25.00 (A21) 0.25 (D1) 74.75
UDL-86 (C1) 25.00 (A22) 0.25 (D1) 74.75
uDL-87 (C1) 25.00 (A23) 0.25 (D1) 74.75
UDL-88 (C1) 25.00 (A24) 0.25 (D1) 74.75
UDL-89 (C1) 25.00 (A25) 0.25 (D1) 74.75
Comparative UDL-1 (C1) 10.00 (R1) 0.10 (D1) 89.90
Comparative UDL-2 (C2) 10.00 (R1) 0.10 (D1) 89.90
Comparative UDL-3 (C3) 10.00 (R1) 0.10 (D1) 89.90
Comparative UDL-4 (C4) 10.00 (R1) 0.10 (D1) 89.90
Comparative UDL-5 (C5) 10.00 (R1) 0.10 (D1) 89.90
Comparative UDL-6 (C8) 10.00 (R1) 0.10 (D1) 89.90
Comparative UDL-7 (C1) 10.00 (R2) 0.10 (D1) 89.90
Comparative UDL-8 (C1) 10.00 (R3) 0.10 (D1) 89.90
Comparative UDL-9 (C1) 10.00 (R4) 0.10 (D1) 89.90
Comparative UDL-10 (C1) 10.00 (R5) 0.10 (D1) 89.90
Comparative UDL-11 (C1) 10.00 (D1) 90.00
Comparative UDL-12 (C2) 10.00 (D1) 90.00
Comparative UDL-13 (C3) 10.00 (D1) 90.00
Comparative UDL-14 (C4) 10.00 (D1) 90.00
Comparative UDL-15 (C5) 10.00 (D1) 90.00
Comparative UDL-16 (C8) 10.00 (D1) 90.00

[ 0261]
[ Preparation of silicon wafers coated with organic cured
films using conpositions for form ng organic film (UDL-1
to 89 and conparative UDL-1 to 16)]

Using a coater/devel oper "CLEAN TRACK LI THI US Pro
AP” manufactured by Tokyo Electron Ltd., 2 ml of the
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conposition for formng an organic film (UDL-1 to 89,
Conparative UDL-1 to 18) prepared above was di scharged
onto the center of a silicon wafer, and the wafer was
rotated at a rotation speed that would result in the
average filmthickness shown in Tables 5 to 7 after

baki ng, and the conposition was spread to forma film
While rotating the silicon wafer at a speed of 1000 rpm
t he renoval solution discharging nozzle was noved from

t he outer periphery of the silicon wafer to a position 3
mm toward the center at a speed of 5 mm's while

di schargi ng the renoval solution (a m xture of propyl ene
gl ycol nononmet hyl ether acetate and propyl ene gl ycol
nonomet hyl ether (30:70, mass ratio)) at a discharging
rate of 2 mL/s. At this position, the renoval solution
was further discharged at a discharging rate of 2 nL/s
for 5 seconds. Thereafter, the discharge of the

di scharged sol uti on was stopped, and the wafer was
rotated at a speed of 1000 rpm for an additional 30
seconds. The silicon wafer on which the conposition for
formng an organic film had been forned was then heated
at 350°C for 60 seconds to provide a silicon wafer on

whi ch an organic cured film had been forned.

[ 0262]

[ Sol vent resistance eval uation: Exanples 1-1 to 1-89 and
Conpar ative Exanples 1-1 to 1-16]

The organic filmform ng conmposition (UDL-1 to 89,
Conparative UDL-1 to 16) was formed on a silicon wafer
usi ng the above nethod, the filmthickness was neasured,
and the PGMEA sol vent was di spensed thereon, left for 30
seconds, spin-dried, and baked at 100°C for 60 seconds to
evaporate PGVEA, and the filmthickness was nmeasur ed.
The filmthickness before dispensing the PGVEA sol vent
was X, and the filmthickness after dispensing the PGVEA
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sol vent was Xi;, and the absol ute value of the val ue
calculated by {(X1 - X)/X} x 100 was taken as the film

t hi ckness change rate (%9. A filmthickness change rate
of less than 0.5% was rated as favorable, and the change
rate of 0.5% or nobre was rated as poor.

[ 0263]

[ n-plane uniformty evaluation: Exanples 1-1 to 1-89
and Conparative Exanples 1-1 to 1-16]

The organic filmform ng conposition (UDL-1 to 89,
Conparative UDL-1 to 16) was formed on a silicon wafer
by the above nethod, and the thickness of the organic
cured filmwas nmeasured at 225 concentric points within
a radius of 145 mmfromthe center of the wafer using an
optical thickness neter. The maxi mum val ue Xmx Of the
filmthickness, the m nimum val ue Xyn, and the average
val ue Xaverage Were taken as the in-plane uniformty (9%,
and the value obtained by {(Xwx - Xnin) / Xaverage} x 100
was taken as the in-plane uniformty (%. Wen the in-
pl ane uniformty was less than 2% it was rated as A
(favorable), when it was 2% or nore but |less than 3% it
was rated as B, and when it was 3% or nore, it was rated

as C (poor).
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[ 0264]

[ Tabl e 5]
Composition for forming Average film Solvent P
organic film thickness resistance In-plain uniformity
Example 1-1 UDL-1 500nm Favorable B
Example 1-2 UDL-2 500nm Favorable A
Example 1-3 UDL-3 500nm Favorable A
Example 1-4 UDL-4 500nm Favorable A
Example 1-5 UDL-5 500nm Favorable A
Example 1-6 UDL-6 500nm Favorable A
Example 1-7 UDL-7 500nm Favorable A
Example 1-8 UDL-8 500nm Favorable A
Example 1-9 UDL-9 500nm Favorable A
Example 1-10 UDL-10 500nm Favorable A
Example 1-11 UDL-11 500nm Favorable A
Example 1-12 UDL-12 500nm Favorable A
Example 1-13 UDL-13 500nm Favorable A
Example 1-14 UDL-14 500nm Favorable A
Example 1-15 UDL-15 500nm Favorable A
Example 1-16 UDL-16 500nm Favorable A
Example 1-17 UDL-17 500nm Favorable A
Example 1-18 UDL-18 500nm Favorable A
Example 1-19 UDL-19 500nm Favorable A
Example 1-20 UDL-20 500nm Favorable A
Example 1-21 UDL-21 500nm Favorable A
Example 1-22 UDL-22 500nm Favorable A
Example 1-23 UDL-23 500nm Favorable A
Example 1-24 UDL-24 500nm Favorable A
Example 1-25 UDL-25 500nm Favorable A
Example 1-26 UDL-26 500nm Favorable A
Example 1-27 UDL-27 500nm Favorable A
Example 1-28 UDL-28 500nm Favorable A
Example 1-29 UDL-29 500nm Favorable A
Example 1-30 UDL-30 500nm Favorable A
Example 1-31 UDL-31 500nm Favorable A
Example 1-32 UDL-32 500nm Favorable B
Example 1-33 UDL-33 500nm Favorable A
Example 1-34 UDL-34 500nm Favorable B
Example 1-35 UDL-35 500nm Favorable A
Example 1-36 UDL-36 500nm Favorable A
Example 1-37 UDL-37 500nm Favorable A
Example 1-38 UDL-38 500nm Favorable A
Example 1-39 UDL-39 500nm Favorable A
Example 1-40 UDL-40 500nm Favorable A
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[ 0265]

[ Tabl e 6]
Composition for forming Average film Solvent P
organic film thickness resistance In-plain uniformity
Example 1-41 UDL-41 500nm Favorable A
Example 1-42 UDL-42 500nm Favorable A
Example 1-43 UDL-43 500nm Favorable A
Example 1-44 UDL-44 500nm Favorable A
Example 1-45 UDL-45 500nm Favorable A
Example 1-46 UDL-46 500nm Favorable A
Example 1-47 UDL-47 500nm Favorable A
Example 1-48 UDL-48 500nm Favorable A
Example 1-49 UDL-49 500nm Favorable A
Example 1-50 UDL-50 500nm Favorable A
Example 1-51 UDL-51 500nm Favorable A
Example 1-52 UDL-52 500nm Favorable A
Example 1-53 UDL-53 500nm Favorable A
Example 1-54 UDL-54 500nm Favorable A
Example 1-55 UDL-55 500nm Favorable A
Example 1-56 UDL-56 500nm Favorable A
Example 1-57 UDL-57 500nm Favorable A
Example 1-58 UDL-58 500nm Favorable A
Example 1-59 UDL-59 500nm Favorable A
Example 1-60 UDL-60 500nm Favorable A
Example 1-61 UDL-61 500nm Favorable A
Example 1-62 UDL-62 500nm Favorable A
Example 1-63 UDL-63 500nm Favorable A
Example 1-64 UDL-64 500nm Favorable A
Example 1-65 UDL-65 500nm Favorable B
Example 1-66 UDL-66 500nm Favorable A
Example 1-67 UDL-67 500nm Favorable A
Example 1-68 UDL-68 500nm Favorable A
Example 1-69 UDL-69 500nm Favorable A
Example 1-70 UDL-70 500nm Favorable A
Example 1-71 UDL-71 500nm Favorable A
Example 1-72 UDL-72 500nm Favorable A
Example 1-73 UDL-73 500nm Favorable A
Example 1-74 UDL-74 500nm Favorable A
Example 1-75 UDL-75 1000nm Favorable A
Example 1-76 UDL-76 1000nm Favorable A
Example 1-77 UDL-77 1000nm Favorable A
Example 1-78 UDL-78 1000nm Favorable A
Example 1-79 UDL-79 1000nm Favorable A
Example 1-80 UDL-80 1000nm Favorable A
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[ 0266]

[ Tabl e 7]
Composition for forming Average film Solvent P
organic film thickness resistance In-plain uniformity
Example 1-81 UDL-81 1000nm Favorable A
Example 1-82 UDL-82 1000nm Favorable A
Example 1-83 UDL-83 1000nm Favorable A
Example 1-84 UDL-84 1000nm Favorable A
Example 1-85 UDL-85 1000nm Favorable A
Example 1-86 UDL-86 1000nm Favorable A
Example 1-87 UDL-87 1000nm Favorable A
Example 1-88 UDL-88 1000nm Favorable A
Example 1-89 UDL-89 1000nm Favorable A
Comparative Example 1-1 Comparative UDL-1 500nm Favorable A
Comparative Example 1-2 | Comparative UDL-2 500nm Favorable A
Comparative Example 1-3 | Comparative UDL-3 500nm Favorable A
Comparative Example 1-4 | Comparative UDL-4 500nm Favorable A
Comparative Example 1-5 | Comparative UDL-5 500nm Favorable A
Comparative Example 1-6 | Comparative UDL-6 500nm Favorable A
Comparative Example 1-7 | Comparative UDL-7 500nm Favorable A
Comparative Example 1-8 | Comparative UDL-8 500nm Favorable A
Comparative Example 1-9 | Comparative UDL-9 500nm Favorable A
Comparative Example 1-10 | Comparative UDL-10 500nm Favorable A
Comparative Example 1-11 | Comparative UDL-11 500nm Favorable C
Comparative Example 1-12 | Comparative UDL-12 500nm Favorable C
Comparative Example 1-13 | Comparative UDL-13 500nm Favorable C
Comparative Example 1-14 | Comparative UDL-14 500nm Favorable C
Comparative Example 1-15 | Comparative UDL-15 500nm Favorable C
Comparative Example 1-16 | Comparative UDL-16 500nm Favorable C

[ 0267]
[ Hunp suppression eval uation: Exanples 2-1 to 2-89 and
Conparative Exanples 2-1 to 2-10]

The organic filmform ng conposition (UDL-1 to 89
and Conparative UDL1 to 10) was formed on a silicon
waf er

by the above nmet hod, and the hei ght change from

t he outer peripheral portion of the organic filmto a

position 1000 umtoward the center of the silicon wafer

was neasured using Al pha-Step D-600 (contact profiler)
manuf act ured by KLA-Tencor Cor porati on.
is O,

| ess than 110% of the film

Assum ng t he
hei ght of the silicon wafer as shown in FIG 1, a

case of the maxi mum hei ght
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thickness is rated as A (favorable), a case of the
maxi mum hei ght equal to or nore than 110% and | ess than
150%is rated as B, and a case of generating an area
where the height is 150% or nore is rated as C (poor) as
shown in FIG 2.

[ 0268]

[ Embeddi ng property eval uation-1: Exanples 2-1 to
2-89 and Conparative Exanples 2-1 to 2-10]

As shown in FIG 4, on a SiG wafer substrate
having a dense hole pattern (hole diameter 0.2 um hole
depth 1.0 um distance between the centers of two
adj acent holes 0.4 um, the organic filmform ng
conposition (UDL-1 to 89 and Conparative UDL-1 to 10)
was coated by the above nmethod to forma resist
underlayer film8. The substrate used was a base
substrate (Si O wafer substrate) 7 having a dense hole
pattern as shown in FIG 4 (G (top view) and (H)
(cross-sectional view). The cross-sectional shape of
each obtai ned wafer substrate was observed using a
scanni ng el ectron m croscope (SEM to confirm whet her
there were no voids inside the holes and whet her the
hol es were enbedded with the resist underlayer film
When a resist underlayer filmmaterial with poor
enmbeddi ng properties was used, voids occurred inside the
hol es. When a resist underlayer filmmaterial wth
favorabl e enbeddi ng properties was used, the resist
under |l ayer film was enbedded wi thout voids inside the
holes in this evaluation, as shown in FIG 4 (I). A
case of no voids generated was rated as favorable, and a
case of voids generated was rated as poor.

[ 0269]
[ Enbeddi ng property eval uation-2: Exanples 2-65 to 2-89]

As shown in FIG 4, the conposition for form ng
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organic film (UDL-65 to 89) was coated on a Si O wafer
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 the above method to forma
resi st underlayer film@8. The substrate used was a base
substrate (Si O wafer substrate) 7 having a dense hol e
pattern as shown in FIG 4 (G (overhead view) and (H)
(cross-sectional view). The cross-sectional shape of
each obtai ned wafer substrate was observed using a
scanni ng el ectron m croscope (SEM to confirm whet her

t he holes were enbedded with the resist underlayer film
wi t hout any voids inside. Wen a resist underlayer film
material with poor enbedding properties is used, voids
are likely to be generated inside the hole. When a
resi st underlayer filmmterial with favorable enbeddi ng
properties is used, the resist underlayer filmis
enbedded into the hole without voids, as shown in FIG 4
(1) in this evaluation. A case of no voids generated is
rated as favorable, and a case of voids generated is
rated as poor. In order to evaluate the superiority or
inferiority of enbeddi ng performance, this evaluation is
set under strict evaluation conditions in which voids
are nore likely to be generated than in the enbeddi ng

property eval uation-1.
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[0270]

[ Tabl e 8]
Composition for Hump suppression Embedding property | Embedding property
forming organic film evaluation evaluation-1 evaluation-2
Example 2-1 UDL-1 Favorable A
Example 2-2 UDL-2 Favorable A
Example 2-3 UDL-3 Favorable A
Example 2-4 UDL-4 Favorable A
Example 2-5 UDL-5 Favorable A
Example 2-6 UDL-6 Favorable A
Example 2-7 UDL-7 Favorable B
Example 2-8 UDL-8 Favorable A
Example 2-9 UDL-9 Favorable A
Example 2-10 UDL-10 Favorable B
Example 2-11 UDL-11 Favorable A
Example 2-12 UDL-12 Favorable A
Example 2-13 UDL-13 Favorable A
Example 2-14 UDL-14 Favorable A
Example 2-15 UDL-15 Favorable A
Example 2-16 UDL-16 Favorable A
Example 2-17 uDL-17 Favorable A
Example 2-18 UDL-18 Favorable B
Example 2-19 UDL-19 Favorable A
Example 2-20 UDL-20 Favorable A
Example 2-21 UDL-21 Favorable A
Example 2-22 UDL-22 Favorable B
Example 2-23 UDL-23 Favorable A
Example 2-24 UDL-24 Favorable A
Example 2-25 UDL-25 Favorable A
Example 2-26 UDL-26 Favorable A
Example 2-27 UDL-27 Favorable A
Example 2-28 UDL-28 Favorable A
Example 2-29 UDL-29 Favorable A
Example 2-30 UDL-30 Favorable A
Example 2-31 UDL-31 Favorable A
Example 2-32 UDL-32 Favorable A
Example 2-33 UDL-33 Favorable A
Example 2-34 UDL-34 Favorable A
Example 2-35 UDL-35 Favorable A
Example 2-36 UDL-36 Favorable A
Example 2-37 UDL-37 Favorable A
Example 2-38 UDL-38 Favorable A
Example 2-39 UDL-39 Favorable A
Example 2-40 UDL-40 Favorable A
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[0271]

[ Tabl e 9]
Composition for Hump suppression Embedding property | Embedding property
forming organic film evaluation evaluation-1 evaluation-2

Example 2-41 UDL-41 Favorable A

Example 2-42 UDL-42 Favorable A

Example 2-43 UDL-43 Favorable A

Example 2-44 UDL-44 Favorable A

Example 2-45 UDL-45 Favorable A

Example 2-46 UDL-46 Favorable A

Example 2-47 UDL-47 Favorable A

Example 2-48 UDL-48 Favorable A

Example 2-49 UDL-49 Favorable A

Example 2-50 UDL-50 Favorable A

Example 2-51 UDL-51 Favorable A

Example 2-52 UDL-52 Favorable A

Example 2-53 UDL-53 Favorable A

Example 2-54 UDL-54 Favorable A

Example 2-55 UDL-55 Favorable A

Example 2-56 UDL-56 Favorable A

Example 2-57 UDL-57 Favorable A

Example 2-58 UDL-58 Favorable A

Example 2-59 UDL-59 Favorable A

Example 2-60 UDL-60 Favorable A

Example 2-61 UDL-61 Favorable A

Example 2-62 UDL-62 Favorable A

Example 2-63 UDL-63 Favorable A

Example 2-64 UDL-64 Favorable A

Example 2-65 UDL-65 Favorable A Poor
Example 2-66 UDL-66 Favorable A Poor
Example 2-67 UDL-67 Favorable A Poor
Example 2-68 UDL-68 Favorable A Poor
Example 2-69 UDL-69 Favorable A Poor
Example 2-70 UDL-70 Favorable A Poor
Example 2-71 UDL-71 Favorable B Poor
Example 2-72 UDL-72 Favorable A Poor
Example 2-73 UDL-73 Favorable A Poor
Example 2-74 UDL-74 Favorable B Poor
Example 2-75 UDL-75 Favorable A Poor
Example 2-76 UDL-76 Favorable A Poor
Example 2-77 UDL-77 Favorable A Poor
Example 2-78 UDL-78 Favorable A Favorable
Example 2-79 UDL-79 Favorable A Favorable
Example 2-80 UDL-80 Favorable A Favorable
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[0272]

[ Tabl e 10]
Composition for Hump suppression Embedding property | Embedding property
forming organic film evaluation evaluation-1 evaluation-2
Example 2-81 UDL-81 Favorable A Favorable
Example 2-82 UDL-82 Favorable B Favorable
Example 2-83 UDL-83 Favorable A Poor
Example 2-84 UDL-84 Favorable A Poor
Example 2-85 UDL-85 Favorable A Poor
Example 2-86 UDL-86 Favorable B Poor
Example 2-87 uDL-87 Favorable A Poor
Example 2-88 UDL-88 Favorable A Poor
Example 2-89 UDL-89 Favorable A Poor
Comparative Comparative UDL-1 Poor C
Example 2-1
Comparative .
Example 2-2 Comparative UDL-2 Poor C
Comparative .
Example 2-3 Comparative UDL-3 Poor C
Comparative .
Example 2-4 Comparative UDL-4 Poor C
Comparative .
Example 2-5 Comparative UDL-5 Poor C
Comparative .
Example 2-6 Comparative UDL-6 Poor C
Comparative .
Example 2-7 Comparative UDL-7 Poor C
Comparative .
Example 2-8 Comparative UDL-8 Poor C
Comparative .
Example 2-9 Comparative UDL-9 Poor C
Comparative .
Example 2-10 Comparative UDL-10 Poor A
[ 0273]

As shown in Tables 5 to 10,

the conpositions for

formng an organic filmaccording to the present

i nvention (UDL-1 to 89) were confirnmed to be excell ent

in sol vent
suppr essi on,
[ 0274]

[Pattern formation test:
The conposition for

resi st ance,

i n-plane uniformty,

and enbeddi ng properties.

to 74) was used to forma resi st
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Si & waf er
follow ng silicon-containing resist

(SOGl) was coated thereon and baked at 200°C for
60 seconds to forma silicon-containing resist

substrate by the above nethod, and the
internmediate film

mat eri al

intermediate filmwith a filmthickness of 35 nm The

follow ng ArF single-layer resist was applied thereon as

a resist upper layer filmmterial and baked at 105°C for
60 seconds to forma resist upper layer filmwith a film
t hi ckness of 100 nm The follow ng i nmersion protective

filmmterial (TC-1) was coated on the resist
90°C for
protective filmwith a filmthickness of 50 nm
[ 0275]

The silicon-containing resist

upper

| ayer film and baked at 60 seconds to forma

internmediate film
mat eri al
(SP1),

sol vent and wat er

(SOGL) was prepared by dissolving the pol yner
crosslinking catalyst, and acid in an organic
in the ratios shown in Table 11, and

filtering through a 0.1 um fluororesin filter.

[ Tabl e 11]
Polymer Crosslinking Acid Organic solvent Water
(parts by mass) catalyst (parts by mass) (parts by mass) (parts by mass)
(parts by mass)
SOG1 SP1 TMPANO:; Maleic acid PGEE Water
(100) (1) (1) (4410) (490)
[ 0276]
The polymer (SP1l) is shown bel ow
CHy
—{—sio Sio Si0,—)—
15 / \ 15 ) \ 2 50
SP1

[0277]
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TMPNO3: Tri nmet hyl phenyl ammonium nitrate
PGEE: Propyl ene glycol ethyl ether
[0278]

The resist upper layer filmmterial (single-Iayer
resist for ArF) was prepared by dissolving the pol yner
(RP1), acid generator (PAGl), and basic conpound (Am ne
1) in a solvent containing 0.1% by mass of FC-430
(manuf actured by Sumtono 3MLimted) in the ratios
shown in Table 12, and filtering through a 0.1 um
fluororesin filter.

[ Tabl e 12]
Polymer Acid generator Basic compound Solvent
(parts by mass) (parts by mass) (parts by mass) (parts by mass)
Single-layer resist for | RP1 PAG1 Aminel PGMEA
ArF (100) (6.6) (0.8) (2500)
[ 0279]

The polymer (RP1l), acid generator (PAGl), and basic
conmpound (Am ne |) are shown bel ow.

o "0 (O NG (O XN 0]
o

OH

RP1 o
Mw7,800

O e
O My
OCHg3
CF3CF,CF,CF,SO5
PAG1 Amine1

[ 0280]

The imrersion protective filmmaterial (TC-1) was

O._OCHjz

prepared by dissolving the polynmer (PPl) in an organic
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sol vent

in the ratio shown in Table 13 and filtering

through a 0.1 umfluororesin filter.

[ Tabl e 13]

Polymer
(parts by mass)

Organic solvent
(parts by mass)

TC-1

PP1
(100)

Diisoamyl ether(2700)
2-Methyl-1-butanol(270)

[ 0281]
The pol ymer

PG
@) @) @)
//%\fiCF3 //l\V/J\\

OH
F
CF3 F3C/A\

(PP1) is shown bel ow.

N
//§?)

OI_ICF3

PP1
Mw8,800 Mw/Mn1.69

[ 0282]
Then, exposure was perfornmed with an ArF i mrersion
exposure device (manufactured by N KON CORPORATI ON; NSR-

S610C, NAl. 30, o©0.98/0.65, 35-degree dipole s polarized
il lum nation, 6% hal ftone phase shift baked at

100°C for 60 seconds (PEB), and developed with a 2.38% by
mass tetramet hyl anmoni um hydr oxi de ( TMAH) aqueous

mask) ,

solution for 30 seconds to provide a 55 nm 1:1 positive

| i ne-and-space pattern (resist upper layer film
pattern).
[ 0283]

Then, using the resist upper layer filmpattern as
a mask, the silicon-containing resist internmediate film

was dry etched (pattern transferred) using etching

equi pment Tel i us manufactured by Tokyo El ectron Ltd.,
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the resist underlayer filmwas dry etched (pattern
transferred) using the obtained silicon-containing
resist internediate filmpattern as a mask, and the Si &
waf er substrate (SIiO film was dry etched (pattern
transferred) using the obtained resist underlayer film
pattern as a mask. The etching conditions are as shown
bel ow.

[ 0284]

(Conditions for transferring resist upper l|layer pattern
to silicon-containing resist internediate film

Chanmber pressure 10.0 Pa
RF power 1,500 W
CFs gas flow rate 75 mL/mn
O, gas flow rate 15 mL/mn
Ti me 15 sec

[ 0285]

(Conditions for transferring silicon-containing resist

intermediate filmpattern to resist underlayer film

Chanber pressure 2.0 Pa

RF power 500 W

Ar gas flow rate 75 mL/mn
O gas flow rate 45 nmL/mn
Ti me 120 sec

[ 0286]

(Conditions for transferring resist underlayer film

pattern to Si O wafer substrate)

Chanmber pressure 2.0 Pa

RF power 2,200 W
CsFi2 gas flow rate 20 mL/ mn
C:Fs gas flow rate 10 nL/ mn
Ar gas flow rate 300 m./mn
O gas flow rate 60 mL/mn
Ti me 90 sec
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[ 0287]

The cross section of the obtained pattern was
observed using an el ectron m croscope (S-4700)
manuf actured by Hitachi, Ltd., and the results are shown
in Tables 14 and 15.

[ Tabl e 14]
Composition for Shape after transferring
forming organic film by etching to substrate
Example 3-1 UDL-1 Favorable
Example 3-2 UDL-2 Favorable
Example 3-3 UDL-3 Favorable
Example 3-4 UDL-4 Favorable
Example 3-5 UDL-5 Favorable
Example 3-6 UDL-6 Favorable
Example 3-7 UDL-7 Favorable
Example 3-8 UDL-8 Favorable
Example 3-9 UDL-9 Favorable
Example 3-10 UDL-10 Favorable
Example 3-11 UDL-11 Favorable
Example 3-12 UDL-12 Favorable
Example 3-13 UDL-13 Favorable
Example 3-14 UDL-14 Favorable
Example 3-15 UDL-15 Favorable
Example 3-16 UDL-16 Favorable
Example 3-17 UDL-17 Favorable
Example 3-18 UDL-18 Favorable
Example 3-19 UDL-19 Favorable
Example 3-20 UDL-20 Favorable
Example 3-21 uUDL-21 Favorable
Example 3-22 UDL-22 Favorable
Example 3-23 UDL-23 Favorable
Example 3-24 UDL-24 Favorable
Example 3-25 UDL-25 Favorable
Example 3-26 UDL-26 Favorable
Example 3-27 UDL-27 Favorable
Example 3-28 UDL-28 Favorable
Example 3-29 UDL-29 Favorable
Example 3-30 UDL-30 Favorable
Example 3-31 UDL-31 Favorable
Example 3-32 UDL-32 Favorable
Example 3-33 UDL-33 Favorable
Example 3-34 UDL-34 Favorable
Example 3-35 UDL-35 Favorable
Example 3-36 UDL-36 Favorable
Example 3-37 UDL-37 Favorable
Example 3-38 UDL-38 Favorable
Example 3-39 UDL-39 Favorable
Example 3-40 UDL-40 Favorable
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[ 0288]

[ Tabl e 15]
Composition for Shape after transferring
forming organic film by etching to substrate
Example 3-41 UDL-41 Favorable
Example 3-42 UDL-42 Favorable
Example 3-43 UDL-43 Favorable
Example 3-44 UDL-44 Favorable
Example 3-45 UDL-45 Favorable
Example 3-46 UDL-46 Favorable
Example 3-47 UDL-47 Favorable
Example 3-48 UDL-48 Favorable
Example 3-49 UDL-49 Favorable
Example 3-50 UDL-50 Favorable
Example 3-51 UDL-51 Favorable
Example 3-52 UDL-52 Favorable
Example 3-53 UDL-53 Favorable
Example 3-54 UDL-54 Favorable
Example 3-55 UDL-55 Favorable
Example 3-56 UDL-56 Favorable
Example 3-57 UDL-57 Favorable
Example 3-58 UDL-58 Favorable
Example 3-59 UDL-59 Favorable
Example 3-60 UDL-60 Favorable
Example 3-61 UDL-61 Favorable
Example 3-62 UDL-62 Favorable
Example 3-63 UDL-63 Favorable
Example 3-64 UDL-64 Favorable
Example 3-65 UDL-65 Favorable
Example 3-66 UDL-66 Favorable
Example 3-67 UDL-67 Favorable
Example 3-68 UDL-68 Favorable
Example 3-69 UDL-69 Favorable
Example 3-70 UDL-70 Favorable
Example 3-71 UDL-71 Favorable
Example 3-72 UDL-72 Favorable
Example 3-73 UDL-73 Favorable
Example 3-74 UDL-74 Favorable
[ 0289]

As shown in Table 14 and Table 15, in Exanples 3-1
to 3-74 using the conposition for form ng an organic

filmaccording to the present invention (UDL-1 to 74),
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the resist upper layer filmpattern was successfully
transferred to the SiO wafer substrate, and it was
confirmed that the conposition for form ng an organic
filmaccording to the present invention is suitable for
use in mcrofabrication by the nmulti-Ilayer resist
met hod.
[ 0290]
[ Preparation of resist upper |layer filmmaterials (PRl
to 25 and conparative PR)]

As resist upper layer filmmterials, a polynmer (P-
1), acid generator (PAG 2), quencher (Q 1), and polyners
(Al to A25) were dissolved in a solvent in the ratios
shown in Table 16, and the resist upper layer film
materials (PR1L to 25 and conparative PR) were prepared

by filtering through a 0.1 um fluororesin filter,
respectively.
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[ Tabl e 16]

R?;'St ij_[l)per Polymer Additive Polymer Solvent

mye(letrerliezrll (parts by mass)) (parts by mass) (parts by mass) (parts by mass)

PR1 P-1 PAG-1(25.0) (A1) PGMEA(1800)
(100) Q-1(6.6) (0.1) EL(1200)

PR2 P-1 PAG-1(25.0) (A2) PGMEA(1800)
(100) Q-1(6.6) (0.1) EL(1200)

PR3 P-1 PAG-1(25.0) (A3) PGMEA(1800)
(100) Q-1(6.6) (0.1) EL(1200)

PR4 P-1 PAG-1(25.0) (A4) PGMEA(1800)
(100) Q-1(6.6) (0.1) EL(1200)

PR5 P-1 PAG-1(25.0) (A5) PGMEA(1800)
(100) Q-1(6.6) (0.1) EL(1200)

PR6 P-1 PAG-1(25.0) (A6) PGMEA(1800)
(100) Q-1(6.6) (0.1) EL(1200)

PR7 P-1 PAG-1(25.0) (A7) PGMEA(1800)
(100) Q-1(6.6) (0.1) EL(1200)

PRS P-1 PAG-1(25.0) (A8) PGMEA(1800)
(100) Q-1(6.6) (0.1) EL(1200)

PRY P-1 PAG-1(25.0) (A9) PGMEA(1800)
(100) Q-1(6.6) (0.1) EL(1200)

PR10 P-1 PAG-1(25.0) (A10) PGMEA(1800)
(100) Q-1(6.6) (0.1) EL(1200)

PR11 P-1 PAG-1(25.0) (A11) PGMEA(1800)
(100) Q-1(6.6) (0.1) EL(1200)

PR12 P-1 PAG-1(25.0) (A12) PGMEA(1800)
(100) Q-1(6.6) (0.1) EL(1200)

PR13 P-1 PAG-1(25.0) (A13) PGMEA(1800)
(100) Q-1(6.6) (0.1) EL(1200)

PR14 P-1 PAG-1(25.0) (A14) PGMEA(1800)
(100) Q-1(6.6) (0.1) EL(1200)

PR15 P-1 PAG-1(25.0) (A15) PGMEA(1800)
(100) Q-1(6.6) (0.1) EL(1200)

PR16 P-1 PAG-1(25.0) (A16) PGMEA(1800)
(100) Q-1(6.6) (0.1) EL(1200)

PR17 P-1 PAG-1(25.0) (A17) PGMEA(1800)
(100) Q-1(6.6) (0.1) EL(1200)

PR18 P-1 PAG-1(25.0) (A18) PGMEA(1800)
(100) Q-1(6.6) (0.1) EL(1200)

PR19 P-1 PAG-1(25.0) (A19) PGMEA(1800)
(100) Q-1(6.6) (0.1) EL(1200)

PR20 P-1 PAG-1(25.0) (A20) PGMEA(1800)
(100) Q-1(6.6) (0.1) EL(1200)

PR21 P-1 PAG-1(25.0) (A21) PGMEA(1800)
(100) Q-1(6.6) (0.1) EL(1200)

PR22 P-1 PAG-1(25.0) (A22) PGMEA(1800)
(100) Q-1(6.6) (0.1) EL(1200)

PR23 P-1 PAG-1(25.0) (A23) PGMEA(1800)
(100) Q-1(6.6) (0.1) EL(1200)

PR24 P-1 PAG-1(25.0) (A24) PGMEA(1800)
(100) Q-1(6.6) (0.1) EL(1200)

PR25 P-1 PAG-1(25.0) (A25) PGMEA(1800)
(100) Q-1(6.6) (0.1) EL(1200)

Comparative P-1 PAG-1(25.0) PGMEA(1800)
PR (100) Q-1(6.6) EL(1200)

[ 0291]
The polymer (P-1), acid generator (PAG 2), quencher
(Q@1), and solvent are shown bel ow.
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T&SS 0.45
o0~ O
|| C OH

P-1

Mw=4900
Mw/Mn=1.51

- 2

PGVEA: Propyl ene glycol nononethyl ether acetate
EL: Ethyl lactate
[ 0292]
[ Preparation of silicon wafers with resist upper |ayer
films formed using resist upper layer filmnmaterials
(PR1 to 25 and conparative PR)]
Usi ng the coater/devel oper "CLEAN TRACK LI THI US Pro
AP” manufactured by Tokyo Electron Ltd., 2 ml of the
resi st upper layer filmmterials (PRl to 25 and
conparative PR) prepared above was di spensed onto the
center of the silicon wafer, and the wafer was rotated
at a rotation speed that resulted in an average film
t hi ckness of 45 nm after baking, and spread. Then, the
silicon wafer coated with the resist upper layer film
was heated at 110°C for 30 seconds to provide a silicon
wafer with a resist upper layer filmformed thereon.
[ 0293]
[In-plane uniformty eval uation of resist upper |ayer
film Exanples 4-1 to 4-25 and Conparative Exanple 4-1]
The thickness of the resist upper layer film (PRl
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to 25 and Conparative PR) formed on a silicon wafer by
t he above nethod was neasured at 225 concentric points
within a radius of 145 mmfromthe center of the wafer
using an optical thickness nmeter. When the nmaxi mum
value of the filmthickness was Xmwx, the m ninmum val ue
was Xnin, and the average val ue was Xaverage, a val ue
determ ned by {(Xwx - Xnin)/ Xaverage} x 100 was defined as
the in-plane uniformty (% . A case of the in-plane
uniformty |l ess than 3% was rated as favorable, and a
case of 3% or nore was rated as poor.

[ Tabl e 17]
Resist upperllayer film In-plain uniformity
material

Example 4-1 PR1 Favorable
Example 4-2 PR2 Favorable
Example 4-3 PR3 Favorable
Example 4-4 PR4 Favorable
Example 4-5 PR5 Favorable
Example 4-6 PR6 Favorable
Example 4-7 PR7 Favorable
Example 4-8 PR8 Favorable
Example 4-9 PR9 Favorable
Example 4-10 PR10 Favorable
Example 4-11 PR11 Favorable
Example 4-12 PR12 Favorable
Example 4-13 PR13 Favorable
Example 4-14 PR14 Favorable
Example 4-15 PR15 Favorable
Example 4-16 PR16 Favorable
Example 4-17 PR17 Favorable
Example 4-18 PR18 Favorable
Example 4-19 PR19 Favorable
Example 4-20 PR20 Favorable
Example 4-21 PR21 Favorable
Example 4-22 PR22 Favorable
Example 4-23 PR23 Favorable
Example 4-24 PR24 Favorable
Example 4-25 PR25 Favorable
(E:g;nn?;ftjl\ﬁ Comparative PR Poor
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[ 0294]

As shown in Table 17, the resist upper layer film
materials (PRL to 25) according to the present invention
have excellent in-plane uniformty, and thus the
pol ymers of the present invention function as
surfactants that inpart excellent |eveling perfornmance,
and can be used in various conpositions for form ng
organic films regardless of the type of resin to be
conbi ned.

[ 0295]
[ EUV lithography evaluation: Exanples 5-1 to 5-25]

Each resist upper layer filmmterial (PRl to 25)
shown in Table 16 was spin-coated onto a Si substrate on
which a silicon-containing spin-on hard mask SHB- A940
(silicon content 43% by mass) manufactured by Shin-Etsu
Chem cal Co., Ltd. was formed to a thickness of 20 nm
and the substrate was pre-baked at 110°C for 30 seconds
using a hot plate to fabricate a resist filmwth a
t hi ckness of 45 nm The resist film was exposed using
an EUV scanner NXE3400 manufactured by ASM. ( NAO. 33,
60.9/0.7, dipole illumnation), and then subjected to
PEB on a hot plate at 80°C for 60 seconds. Devel opnent
was performed with a 2.38% by mass TMAH aqueous sol ution
for 30 seconds to forma |line-and-space pattern with a
pitch of 40 nmand a line width of 20 nm The pattern
was observed using a CD SEM (CG6300) nmanufactured by
Hi tachi Hi gh- Tech Corporation, and a case of formation
of a line pattern with dinensions of 20 nm+ 2.0 nm was
rated as favorable.
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[ 0296]

[ Tabl e 18]
Resist upper_layer film Pattern formation
material
Example 5-1 PR1 Favorable
Example 5-2 PR2 Favorable
Example 5-3 PR3 Favorable
Example 5-4 PR4 Favorable
Example 5-5 PR5 Favorable
Example 5-6 PR6 Favorable
Example 5-7 PR7 Favorable
Example 5-8 PR8 Favorable
Example 5-9 PR9 Favorable
Example 5-10 PR10 Favorable
Example 5-11 PR11 Favorable
Example 5-12 PR12 Favorable
Example 5-13 PR13 Favorable
Example 5-14 PR14 Favorable
Example 5-15 PR15 Favorable
Example 5-16 PR16 Favorable
Example 5-17 PR17 Favorable
Example 5-18 PR18 Favorable
Example 5-19 PR19 Favorable
Example 5-20 PR20 Favorable
Example 5-21 PR21 Favorable
Example 5-22 PR22 Favorable
Example 5-23 PR23 Favorable
Example 5-24 PR24 Favorable
Example 5-25 PR25 Favorable
[ 0297]

As shown in Table 18, in Exanples 5-1 to 5-25,
whi ch used the conmposition for formng an organic film
according to the present invention (PRl to 25), a resist
upper layer filmpattern of 20 nm was fornmed, and it was
confirmed that the resist upper layer filmmterial,

which is the conposition for formng an organic film
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according to the present invention, is suitable for use
in mcrofabrication.

[ 0298]

[ Preparation of silicon-containing resist internediate
filmmterial (SOG2 to 26)]

As the silicon-containing resist internediate film
material, the polyner (SPl), a crosslinking catalyst,
and an acid were dissolved in an organic solvent and
water in the ratio shown in Table 19, and the silicon-
containing resist underlayer filmmterial (SOGZ to 26)
was prepared by filtering through a 0.1 um fluororesin
filter, respectively.
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[ 0299]
[ Tabl e 19]

Silicon-containing Polymer Crosslinking Acid Compound Organic solvent Water
resist intermediate (parts by catalyst (parts by (parts by (parts by
film forming material | mass arts by mas: mas mass (parts by mass) mass
g ss) (p y mass) s) sS) ss)
S0G2 SP1 TMPANO3 Maleic acid (A1) PGEE Water
(100) (1.0) (1.0) (1.0) (44100) (4900)
S0G3 SP1 TMPANO3 Maleic acid (A2) PGEE Water
(100) (1.0) (1.0) (1.0) (44100) (4900)
SOG4 SP1 TMPANO3 Maleic acid (A3) PGEE Water
(100) (1.0) (1.0) (1.0) (44100) (4900)
SOG5 SP1 TMPANO3 Maleic acid (A4) PGEE Water
(100) (1.0) (1.0) (1.0) (44100) (4900)
S0G6 SP1 TMPANO3 Maleic acid (A5) PGEE Water
(100) (1.0) (1.0) (1.0) (44100) (4900)
S0G7 SP1 TMPANO3 Maleic acid (A6) PGEE Water
(100) (1.0) (1.0) (1.0) (44100) (4900)
S0G8 SP1 TMPANO3 Maleic acid (A7) PGEE Water
(100) (1.0) (1.0) (1.0) (44100) (4900)
S0GY SP1 TMPANO3 Maleic acid (A8) PGEE Water
(100) (1.0) (1.0) (1.0) (44100) (4900)
S0G10 SP1 TMPANO3 Maleic acid (A9) PGEE Water
(100) (1.0) (1.0) (1.0) (44100) (4900)
SOG11 SP1 TMPANO3 Maleic acid (A10) PGEE Water
(100) (1.0) (1.0) (1.0) (44100) (4900)
S0G12 SP1 TMPANO3 Maleic acid (A11) PGEE Water
(100) (1.0) (1.0) (1.0) (44100) (4900)
S0G13 SP1 TMPANO3 Maleic acid (A12) PGEE Water
(100) (1.0) (1.0) (1.0) (44100) (4900)
S0G14 SP1 TMPANO3 Maleic acid (A13) PGEE Water
(100) (1.0) (1.0) (1.0) (44100) (4900)
S0G15 SP1 TMPANO3 Maleic acid (A14) PGEE Water
(100) (1.0) (1.0) (1.0) (44100) (4900)
S0G16 SP1 TMPANO3 Maleic acid (A15) PGEE Water
(100) (1.0) (1.0) (1.0) (44100) (4900)
S0G17 SP1 TMPANO3 Maleic acid (A16) PGEE Water
(100) (1.0) (1.0) (1.0) (44100) (4900)
S0G18 SP1 TMPANO3 Maleic acid (A17) PGEE Water
(100) (1.0) (1.0) (1.0) (44100) (4900)
S0G19 SP1 TMPANO3 Maleic acid (A1) PGEE Water
(100) (1.0) (1.0) (1.0) (44100) (4900)
S0G20 SP1 TMPANO3 Maleic acid (A19) PGEE Water
(100) (1.0) (1.0) (1.0) (44100) (4900)
S0G21 SP1 TMPANO3 Maleic acid (A20) PGEE Water
(100) (1.0) (1.0) (1.0) (44100) (4900)
S0G22 SP1 TMPANO3 Maleic acid (A21) PGEE Water
(100) (1.0) (1.0) (1.0) (44100) (4900)
S0G23 SP1 TMPANO3 Maleic acid (A22) PGEE Water
(100) (1.0) (1.0) (1.0) (44100) (4900)
SOG4 SP1 TMPANO3 Maleic acid (A23) PGEE Water
(100) (1.0) (1.0) (1.0) (44100) (4900)
S0G25 SP1 TMPANO3 Maleic acid (A24) PGEE Water
(100) (1.0) (1.0) (1.0) (44100) (4900)
S0G26 SP1 TMPANO3 Maleic acid (A25) PGEE Water
(100) (1.0) (1.0) (1.0) (44100) (4900)
Comparative SOG1 SP1 TMPANO3 Maleic acid i PGEE Water
(100) (1.0) (1.0) (44100) (4900)
PGEE: Propyl ene glycol nonoethyl ether
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[ 0300]

[Silicon-containing resist internmediate film coating
eval uati on: Exanples 6-1 to 6-25 and Conparative Exanple
6- 1]

A resist underlayer filmwas fornmed on a silicon
waf er substrate using a conposition for form ng an
organic film (Conparative UDL-1) by the above nethod,
and the follow ng silicon-containing resist intermediate
filmmterials (SOG to 26 and Conparative SOGL) were
coated thereon and baked at 200°C for 60 seconds to form
a silicon-containing resist internmediate film Then,
the state of the coating of the silicon-containing
resist internediate filmwas visually observed and
eval uated. A case of a coating state being favorable
was rated as favorable, and a case of pinholes was rated
as poor. In this evaluation, in order to evaluate the
superiority or inferiority of the coating properties of
the silicon-containing resist internmediate film the
t hi ckness of the silicon-containing resist internediate
filmwas set to 5 nm which was a special and strict

eval uati on conditi on.
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[ Tabl e 20]

Silicon-containing resist intermediate Coating property evaluation of silicon-
film forming material containing resist intermediate film
Example 6-1 SOG2 Favorable
Example 6-2 SOG3 Favorable
Example 6-3 SOG4 Favorable
Example 6-4 SOG5 Favorable
Example 6-5 SOG6 Favorable
Example 6-6 SOG7 Favorable
Example 6-7 SOG8 Favorable
Example 6-8 SO0G9 Favorable
Example 6-9 SOG10 Favorable
Example 6-10 SOG11 Favorable
Example 6-11 SOG12 Favorable
Example 6-12 SO0G13 Favorable
Example 6-13 S0G14 Favorable
Example 6-14 SOG15 Favorable
Example 6-15 SOG16 Favorable
Example 6-16 S0G17 Favorable
Example 6-17 S0G18 Favorable
Example 6-18 S0G19 Favorable
Example 6-19 SOG20 Favorable
Example 6-20 SOG21 Favorable
Example 6-21 S0G22 Favorable
Example 6-22 S0G23 Favorable
Example 6-23 S0G24 Favorable
Example 6-24 SOG25 Favorable
Example 6-25 SOG26 Favorable
Comparative Example 6-1 | SOGH1 Poor

[ 0301]
As shown in Table 20, silicon-containing resist
intermediate filmmterials (SO& to 26) have excell ent

filmform ng properties w thout pinholes. This shows
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that the polynmer of the present invention can be used as
a surfactant that exerts high filmform ng properties
not only in organic filnms but also in various
conpositions for formng filns.

[ 0302]

As descri bed above, the conposition for form ng an
organic filmaccording to the present invention has
excellent filmform ng properties, high-Ilevel enbedding
properties, and hunp suppression properties, making it
extrenely useful as an organic filmmaterial used in
mul ti-layer resist processes. |In addition, the pattern
form ng method of the present invention using this
conposition can enbed hol es and trenches with
significantly high aspect ratios w thout voids, form
fine patterns with high precision, and form organic
films with suppressed hunps, making it possible to
efficiently manufacture sem conductor el enents and the
like. 1In addition, the polynmer of the present invention
can be widely used as a surfactant, as the pol yner
exhibits high filmform ng properties.

[ 0303]

The present description includes the follow ng
enmbodi nent s.

[1] A conposition for formng an organic film
conpri si ng:

(A) a resin or conpound for form ng an organic
film

(B) a polyner having a repeating unit of a partial
structure (al) represented by the foll owi ng general
formula (1); and

(C) a solvent,

176



o O

R2R1 (1)

wherein R and R» are hydrogen atons or saturated
or unsaturated organic groups having 1 to 20 carbon
atonms, and have at | east one structure having fluorine
represented by the follow ng general fornula (2), at
| east one of Ri and R represents an organic group that
is not a hydrogen atom and * represents an attachnment

poi nt,

*---CF, *--CF,---* "~ ~OCF3 *--SFs

wherein * represents an attachnment point.

[ 2] The conposition for formng an organic film
according to [1], wherein the repeating unit (al) of the
polymer (B) is a repeating unit represented by the

foll owi ng general fornmula (3) or (4):

R3

iﬁ o o
O%CHZ}FOMCHQ,
R2 R1 ( 3 )

wherein R and R: are as defined above, Rs represents
a hydrogen atom or a nmethyl group, and nl represents an
i nteger of 2 to 10,
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0O O

Jvo—R‘,—o)SeL%

R2R1 (4)

wherein Rt and R are as defined above, and R4
represents a dival ent organic group having 2 to 30
carbon atonms and may include an ether bond, an ester
bond, an am de bond, or a sulfide bond.

[ 3] The conposition for formng an organic film
according to [2], wherein the polymer (B) is a copol ymer
havi ng repeating units of the general forrmula (3) and

the follow ng general formula (5):

R3

e

wherein Rs is as defined as above, Rs and Rs are

Rs—OmRe—OmRv 5

each a |linear or branched dival ent al kyl ene group havi ng
1 to 4 carbon atons, R; is a hydrogen atom or an al kyl
group having 1 to 4 carbon atoms, or a phenyl group, m
is 0to 23, m2is O0to 23, and 23 > ml + n2 > 2.

[4] The conposition for formng an organic film
according to any one of [1] to [3], wherein the organic
group having fluorine represented by Ri or R. in the
polymer (B) has at |east one of structures represented

by the follow ng general formula (6):

F F
N AN AN
| —OCF —OSF = sF
;jii]iF [i;] 3 | — 5 | JoFs
F
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[ 5] The conposition for form ng an organic film
according to any one of [1] to [4], wherein a weight
average nol ecul ar wei ght of the polynmer (B) is 1500 to
30000.

[ 6] The conposition for formng an organic film
according to any one of [1] to [5], wherein a content of
the polymer (B) is 0.01 parts by mass to 5 parts by nmss
with respect to 100 parts by mass of the resin or
conpound for formng an organic film (A).

[ 7] A nethod for formng an organic filmused in a
process for manufacturing a sem conductor device,
conpri si ng:

spin-coating a body to be processed with the
conposition for formng an organic filmaccording to any
one of [1] to [6], and

heat-treating the substrate coated with the
conposition for formng an organic filmat a tenperature
of 100°C or nore and 600°C or less for 10 to 600 seconds,
t hereby formng a cured film

[8] A pattern form ng nethod conpri sing:

Form ng an organic filmon a body to be processed
usi ng the conposition for formng an organic film
according to any one of [1] to [6];

formng a silicon-containing resist internmediate
filmon the organic filmusing a silicon-containing
resist material containing silicon atons;

formng a resist upper layer filmon the silicon-
containing resist internediate filmusing a resist upper
| ayer film material conprising a photoresist
conposition;

forming a circuit pattern on the resist upper |ayer

film
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transferring a pattern by etching to the silicon-
containing resist internmediate filmusing the resist
upper layer filmon which the circuit pattern is fornmed
as a mask;

transferring a pattern by etching to the organic
filmusing the silicon-containing resist internediate
filmon which the pattern is transferred as a mask; and

further transferring a pattern by etching to the
body to be processed using the organic filmon which the
pattern is transferred as a mask.

[9] A pattern form ng nethod conpri sing:

form ng an organic filmon a body to be processed
usi ng the conposition for formng an organic film
according to any one of [1] to [6];

formng a silicon-containing resist internmediate
filmon the organic filmusing a silicon-containing
resist material containing silicon atons;

form ng an organic antireflective filmor an
adhesive filmon the silicon-containing resist
intermediate film

form ng a resist upper layer filmon the organic
antireflective filmor the adhesive filmusing a resist
upper layer filmmmaterial conprising a photoresist
conposi tion;

formng a circuit pattern on the resist upper |ayer
film

transferring a pattern by etching to the organic
antireflective filmor the adhesive film and the
silicon-containing resist internediate filmusing the
resi st upper layer filmon which the circuit pattern is
formed as a mask

transferring a pattern by etching to the organic

filmusing the silicon-containing resist internediate
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filmto which the pattern is transferred as a mask; and

further transferring a pattern by etching to the
body to be processed using the organic filmto which the
pattern is transferred as a mask.

[10] A pattern form ng nmethod conpri sing:

formng an organic filmon a body to be processed
using a conposition for form ng an organic film
according to any one of [1] to [6];

form ng an inorganic hard mask internmediate film
selected froma silicon oxide film a silicon nitride
film and a silicon oxide nitride filmon the organic
film

form ng a resist upper layer filmon the inorganic
hard mask internmediate filmusing a resist upper |ayer
filmmaterial conprising a photoresist conposition;

forming a circuit pattern on the resist upper |ayer
film

transferring a pattern by etching to the inorganic
hard mask internmediate filmusing the resist upper |ayer
filmon which the circuit pattern is fornmed as a mask;

transferring a pattern by etching to the organic
filmusing the inorganic hard mask internmediate film on
which the pattern is transferred as a mask; and

further transferring a pattern by etching to the
body to be processed using the organic filmon which the
pattern is transferred as a nask.

[11] A pattern form ng method conpri sing:

formng an organic filmon a body to be processed
usi ng the conposition for formng an organic film
according to any one of [1] to [6];

form ng an inorganic hard mask internediate film
selected froma silicon oxide film a silicon nitride

film and a silicon oxide nitride filmon the organic
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film

form ng an organic antireflective filmor an
adhesive filmon the inorganic hard nmask internedi ate
film

formng a resist upper layer filmon the organic
antireflective filmor the adhesive filmusing a resist
upper layer filmmmaterial conprising a photoresist
conposition;

formng a circuit pattern on the resist upper |ayer
film

transferring a pattern by etching to the organic
antireflective filmor the adhesive film and the
i norgani ¢ hard mask internmediate filmusing the resist
upper |ayer filmon which the circuit pattern is forned
as a mask;

transferring a pattern by etching to the organic
filmusing the inorganic hard mask internmediate film on
which the pattern is transferred as a mask; and

further transferring a pattern by etching to the
body to be processed using the organic filmon which the
pattern is transferred as a nask.

[ 12] The pattern form ng method according to [10]
or [11], wherein the inorganic hard nmask internedi ate
filmis formed by a CVD nethod or an ALD net hod.

[13] The pattern form ng net hod according to any
one of [8] to [12], wherein in the formation of the
circuit pattern, the circuit pattern is formed by
i thography using |ight having a wavel ength of 10 nm or
nore and 300 nmor less, direct witing with an el ectron
beam nanoi nmprinting, or a conbination thereof.

[ 14] The pattern form ng nmet hod according to any
one of [8] to [13], wherein in the formation of the

circuit pattern, the circuit pattern is devel oped wth
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an al kali devel oper or an organic sol vent.

[ 15] The pattern form ng nmet hod according to any
one of [8] to [14], wherein as the body to be processed,
a sem conductor device substrate, or the sem conductor
devi ce substrate having any one of a netal film a netal
carbide film a metal oxide film a nmetal nitride film
a netal oxide carbide film and a netal oxide nitride
filmformed thereon is used.

[16] The pattern form ng nmethod according to [15],
wherein as the netal constituting the body to be
processed, silicon, titanium tungsten, hafnium
zirconium chrom um germani um copper, silver, gold,
al um num indium gallium arsenic, palladium iron
tantalum iridium nolybdenum or an alloy thereof is
used.

[17] A polyner having a repeating unit of a parti al
structure (al) represented by the foll owi ng general

formula (1):

o O

RaR (1)

wherein Rt and R are hydrogen atons or saturated or
unsaturated organic groups having 1 to 20 carbon atons,
and have at | east one structure having fluorine
represented by the foll owi ng general formula (2), at |east
one of R1 and R represents an organic group that is not a
hydr ogen atom and * represents an attachnment point,
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F F
*---CF, *--CFp---* "~ ~OCF3 *--SFs
F F

wherein * represents an attachnment point.
[ 18] The pol ymer according to [17], wherein the
repeating unit (al) of the polymer is a repeating unit

represented by the follow ng general fornula (3) or (4):

R3

iﬁ o o
O%CHZ}FOMCHQ,
R2 R1 ( 3 )

wherein Rt and R are as defined above, Rs represents
a hydrogen atom or a nethyl group, and nl represents an
i nteger of 2 to 10,

O O

Jvo—R‘,—o)SeL%

RaR (4)

wherein Ry and R: are as defined above, and R4
represents a dival ent organic group having 2 to 30
carbon atonms and may include an ether bond, an ester
bond, an am de bond, or a sulfide bond.

[ 19] The pol ymer according to [18], wherein the
polyner is a copolyner having repeating units of the
general formula (3) and the followi ng general fornula

(5):
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Rs

W

@) O—6R5—OWR5 —Omw (5)

wherein Rs is as defined above, Rs and Rs are each
a |inear or branched dival ent al kylene group having 1 to
4 carbon atons, R; is a hydrogen atom an al kyl group
having 1 to 4 carbon atons, or a phenyl group, m is O
to 23, m2 is 0 to 23, and 23 >mM + n2 > 2.

[ 20] The pol ymer according to any one of according
to any one of [17] to [19], wherein the structure having
fluorine represented by Rt or R. in the polyner has at
| east one of structures represented by the follow ng

general formula (6):

F F
X X X
| —OcCF —OSF —L sF
Fidjil: 5; 3 | _ 5 | P 5
F

[ 0304]

The present invention is not linmted to the above-
descri bed enbodi ment. The above-described enbodi nent is
nmerely an exanple, and anything that has substantially
t he same configuration as the technical idea described
in the clains of the present invention and exhibits
simlar effects is included within the technical scope

of the present invention.
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CLAI M5

[Claim1l] A conposition for formng an organic film
conpri si ng:

(A) a resin or conpound for form ng an organic
film

(B) a polynmer having a repeating unit of a partial
structure (al) represented by the foll owi ng general
formula (1); and

(C a solvent,

0O O

R2R1 (1)

wherein R; and R are hydrogen atoms or saturated
or unsaturated organic groups having 1 to 20 carbon
atonms, and have at | east one structure having fluorine
represented by the follow ng general fornula (2), at
| east one of Ri and R represents an organic group that
is not a hydrogen atom and * represents an attachnent

poi nt,

*---CF, *--CF,---* "~ ~OCF3 *--SFs

wherein * represents an attachnment point.

[ Clai m 2] The conposition for formng an organic film
according to claim 11, wherein the repeating unit (al) of
the polymer (B) is a repeating unit represented by the

foll ow ng general fornula (3) or (4):
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Rs3

O{—CHZmOMCHa
Rz Ri (3)

wherein Ry and R; are as defined above, R
represents a hydrogen atom or a methyl group, and nl

represents an integer of 2 to 10,

O O

Jvo—R‘,—o)SeL%

R2Ri (4)

wherein Rt and R are as defined above, and R4
represents a dival ent organic group having 2 to 30
carbon atons and may include an ether bond, an ester

bond, an am de bond, or a sul fide bond.

[ Claim 3] The conposition for formng an organic film
according to claim2, wherein the polynmer (B) is a
copol yner having repeating units of the general fornula

(3) and the follow ng general formula (5):

Rs3

\Otl/zfl% _OWRS _ORRT

wherein R; is as defined as above, Rs and Rs are

(5)

each a |linear or branched dival ent al kyl ene group havi ng
1 to 4 carbon atons, R; is a hydrogen atom or an al kyl
group having 1 to 4 carbon atons, or a phenyl group, ml
is Oto 23, n2is O0to 23, and 23 > nl + n2 > 2.

[ Cl ai m 4] The conposition for formng an organic film
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according to any one of clains 1 to 3, wherein the
organi ¢ group having fluorine represented by R or R in
t he polymer (B) has at | east one of structures

represented by the follow ng general fornula (6):
X X
| —OCFs —L0SF —sF
F F = |/ 5 |/ 5
F

[ Cl ai m 5] The conposition for formng an organic film

(6)

according to any one of clains 1 to 4, wherein a wei ght
aver age nol ecul ar wei ght of the polynmer (B) is 1500 to
30000.

[ Cl ai m 6] The conposition for formng an organic film
according to any one of clainms 1 to 5, wherein a content
of the polymer (B) is 0.01 parts by mass to 5 parts by
mass with respect to 100 parts by nass of the resin or

conpound for formng an organic film (A).

[Claim 7] A method for formng an organic filmused in
a process for manufacturing a sem conductor device,
conpri si ng:

spin-coating a body to be processed with the
conposition for formng an organic filmaccording to any
one of clainms 1 to 6, and

heat-treating the substrate coated with the
conposition for formng an organic filmat a tenperature
of 100°C or nore and 600°C or less for 10 to 600 seconds,
t hereby formng a cured film

[Claim8] A pattern form ng method conprising:
formng an organic filmon a body to be processed
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usi ng the conposition for formng an organic film
according to any one of clains 1 to 6;

form ng a silicon-containing resist internediate
filmon the organic filmusing a silicon-containing
resist material containing silicon atons;

formng a resist upper layer filmon the silicon-
containing resist internmediate filmusing a resist upper
| ayer film material conprising a photoresist
conposi tion;

formng a circuit pattern on the resist upper |ayer
film

transferring a pattern by etching to the silicon-
containing resist internmediate filmusing the resist
upper |ayer filmon which the circuit pattern is forned
as a mask;

transferring a pattern by etching to the organic
filmusing the silicon-containing resist internediate
filmon which the pattern is transferred as a mask; and

further transferring a pattern by etching to the
body to be processed using the organic filmon which the

pattern is transferred as a nask.

[Claim9] A pattern form ng method conprising:

formng an organic filmon a body to be processed
usi ng the conposition for formng an organic film
according to any one of clains 1 to 6;

form ng a silicon-containing resist internediate
filmon the organic filmusing a silicon-containing
resist material containing silicon atons;

form ng an organic antireflective filmor an
adhesive filmon the silicon-containing resist
internmediate film

formng a resist upper layer filmon the organic
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antireflective filmor the adhesive filmusing a resist
upper layer filmmmaterial conprising a photoresist
conposition;

formng a circuit pattern on the resist upper |ayer
film

transferring a pattern by etching to the organic
antireflective filmor the adhesive film and the
silicon-containing resist internediate filmusing the
resi st upper layer filmon which the circuit pattern is
formed as a mask;

transferring a pattern by etching to the organic
filmusing the silicon-containing resist internediate
filmto which the pattern is transferred as a mask; and

further transferring a pattern by etching to the
body to be processed using the organic filmto which the

pattern is transferred as a nask.

[Claim 10] A pattern form ng method conprising:

formng an organic filmon a body to be processed
using a conposition for formng an organic film
according to any one of clains 1 to 6;

form ng an inorganic hard mask internediate film
selected froma silicon oxide film a silicon nitride
film and a silicon oxide nitride filmon the organic
film

form ng a resist upper layer filmon the inorganic
hard mask intermediate filmusing a resist upper |ayer
filmmaterial conprising a photoresist conposition;

formng a circuit pattern on the resist upper |ayer
film

transferring a pattern by etching to the inorganic
hard mask intermediate filmusing the resist upper |ayer

filmon which the circuit pattern is fornmed as a mask;
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transferring a pattern by etching to the organic
filmusing the inorganic hard mask internmediate film on
which the pattern is transferred as a mask; and

further transferring a pattern by etching to the
body to be processed using the organic filmon which the
pattern is transferred as a mask.

[Claim 11] A pattern form ng method conprising:

formng an organic filmon a body to be processed
usi ng the conposition for formng an organic film
according to any one of clains 1 to 6;

form ng an inorganic hard mask internediate film
selected froma silicon oxide film a silicon nitride
film and a silicon oxide nitride filmon the organic
film

form ng an organic antireflective filmor an
adhesive filmon the inorganic hard nmask internediate
film

formng a resist upper layer filmon the organic
antireflective filmor the adhesive filmusing a resist
upper layer filmmmaterial conprising a photoresist
conposition;

forming a circuit pattern on the resist upper |ayer
film

transferring a pattern by etching to the organic
antireflective filmor the adhesive film and the
i norgani ¢ hard mask internmediate filmusing the resist
upper |ayer filmon which the circuit pattern is forned
as a mask;

transferring a pattern by etching to the organic
filmusing the inorganic hard mask internmediate film on
which the pattern is transferred as a mask; and

further transferring a pattern by etching to the
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body to be processed using the organic filmon which the

pattern is transferred as a nask.

[Claim12] The pattern form ng nethod according to claim
10 or 11, wherein the inorganic hard mask internedi ate
filmis formed by a CVD nethod or an ALD net hod.

[Claim 13] The pattern form ng nethod according to any
one of clainms 8 to 12, wherein in the formation of the
circuit pattern, the circuit pattern is forned by

i thography using |ight having a wavel ength of 10 nm or
nore and 300 nmor less, direct witing with an el ectron

beam nanoi nprinting, or a combination thereof.

[Claim 14] The pattern form ng nethod according to any
one of clains 8 to 13, wherein in the formation of the
circuit pattern, the circuit pattern is devel oped with

an al kali devel oper or an organic sol vent.

[Claim15] The pattern form ng nethod according to any
one of clainms 8 to 14, wherein as the body to be
processed, a sem conductor device substrate, or the

sem conductor device substrate having any one of a netal
film a nmetal carbide film a nmetal oxide film a netal
nitride film a nmetal oxide carbide film and a netal

oxide nitride filmTformed thereon is used.

[Claim 16] The pattern form ng nethod according to claim
15, wherein as the netal constituting the body to be
processed, silicon, titanium tungsten, hafnium
zirconium chrom um germani um copper, silver, gold,

al um num indium gallium arsenic, palladium iron

tantalum iridium nolybdenum or an alloy thereof is

192



used.

[Claim 17] A polymer having a repeating unit of a
partial structure (al) represented by the follow ng
general formula (1):
O O
0 -~
Ro R4 (1)

wherein Ry and R» are hydrogen atons or saturated
or unsaturated organic groups having 1 to 20 carbon
atonms, and have at | east one structure having fluorine
represented by the follow ng general fornula (2), at
| east one of Ri and R represents an organic group that
is not a hydrogen atom and * represents an attachnment

poi nt,

*---CF, *--CF,---* "~ ~OCF3 *--SFs

wherein * represents an attachnment point.

[Claim 18] The polynmer according to claim 17, wherein
the repeating unit (al) of the polymer is a repeating
unit represented by the follow ng general fornula (3) or

(4):

Rs
0 A
o
O%CHZ}FOMCHQ,
R2 R1 ( 3 )

wherein Rt and R, are as defi ned above, R3
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represents a hydrogen atomor a methyl group, and nl

represents an integer of 2 to 10,

O
‘(’O_R4_O

wherein Rt and R, are as defi ned above, and R

O]

R2R1 (4)

represents a dival ent organic group having 2 to 30
carbon atonms and may include an ether bond, an ester

bond, an ani de bond, or a sulfide bond.

[Claim19] The polynmer according to claim 18, wherein
the polymer is a copolymer having repeating units of the

general formula (3) and the follow ng general fornula

(5):

R3

&

0 o—ng,—o)HfRe—o)ER? s

wherein Rs is as defined above, Rs and Rs are each
a |inear or branched dival ent al kylene group having 1 to
4 carbon atons, R; is a hydrogen atom an al kyl group
having 1 to 4 carbon atons, or a phenyl group, m is O
to 23, m2 is 0 to 23, and 23 >mM + n2 > 2.

[Claim20] The polyner according to any one of clains 17
to 19, wherein the structure having fluorine represented
by Rt or R: in the polynmer has at |east one of structures
represented by the follow ng general fornula (6):

F F
N AN AN
| —OCF —OsF = sF
g:[i:I:F [:i;] 3 | — 5 |// 5
F
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