DESCRIPTION

TITLE OF INVENTION: MATERIAL FOR FORMING ORGANIC FILM,
SUBSTRATE FOR MANUFACTURING SEMICONDUCTOR DEVICE, METHOD
FOR FORMING ORGANIC FILM, PATTERNING PROCESS, COMPOUND
FOR FORMING ORGANIC FILM, AND AROMATIC CARBOXYLIC
ANHYDRIDE

TECHNICAL FIELD
[0001]

The present invention relates to: a material for
forming an organic fTilm; a substrate for manufacturing a
semiconductor device; a method for forming an organic
film; a patterning process; a compound for forming an

organic film; and an aromatic carboxylic anhydride.

BACKGROUND ART
[0002]

Conventionally, higher integration and higher
processing speed of semiconductor devices have been
achieved by miniaturization of pattern size by
shortening the wavelength of a light source iIn
lithography technology using light exposure
(photolithography) as a widely used technique. To form
such a fine circuit pattern on a semiconductor device
substrate (substrate to be processed), generally, a
method of processing a substrate to be processed by dry
etching while using a photoresist film having a formed
pattern as an etching mask is used. In practice,
however, there is no dry etching method capable of
providing an absolute etching selectivity between the
photoresist film and the substrate to be processed, and

therefore, In recent years, substrate processing
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according to a multilayer resist method has become
common. This method i1s as follows: a resist underlayer
film having a different etching selectivity from a
photoresist film (hereinafter, a resist upper layer
film) is placed between the resist upper layer film and
a substrate to be processed; a pattern is formed in the
resist upper layer fTilm; then, the pattern 1is
transferred to the resist underlayer film by dry etching
while using the resist upper layer film pattern as a dry
etching mask; and the pattern is further transferred to
the substrate to be processed by dry etching while using
the resist underlayer film as a dry etching mask.

[0003]

One of the multilayer resist methods is a 3-layer
resist method, which can be performed with a typical
resist composition used iIn the monolayer resist method.
This method includes the following steps: an organic
underlayer fTilm (hereinafter, an organic film) i1s formed
by applying and baking an organic underlayer film
material, containing an organic resin-containing
composition, onto a substrate to be processed; a
silicon-containing film (hereinafter, a silicon-
containing resist middle layer film) is formed thereon
by applying and baking a resist middle layer film
material, containing a composition containing a silicon-
containing resin; and a common organic photoresist film
(hereinafter, a resist upper layer film) i1s formed
thereon. When dry etching is performed with fluorine-
based gas plasma after patterning the resist upper layer
film, the organic resist upper layer film exhibits a
favorable etching selectivity ratio relative to the
silicon-containing resist middle layer film, and

therefore, the resist upper layer film pattern can be
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transferred to the silicon-containing resist middle
layer film. According to this process, even when using
a resist upper layer film that does not have a
sufficient film thickness for directly processing the
substrate to be processed or a resist upper layer film
that does not have sufficient dry etching resistance for
processing the substrate to be processed, a silicon-
containing resist middle layer film usually has a filnm
thickness equivalent to or less than that of a resist
upper layer film, and therefore, a pattern can be
transferred to the silicon-containing resist middle
layer film easily. By subsequently transferring the
pattern to the organic film by dry etching using an
oxygen- or hydrogen-based gas plasma while using the
silicon-containing resist middle layer film having the
transferred pattern as a dry etching mask, it is
possible to transfer the pattern to an organic film
having sufficient dry etching resistance for processing
the substrate. Using this organic film, having the
transferred pattern, the pattern can be transferred to
the substrate by dry etching using a fluorine-based gas,
a chlorine-based gas, etc.

[0004]

Meanwhile, miniaturization in the manufacturing
process of semiconductor devices is approaching the
fundamental limit that comes from the wavelength of the
light source for photolithography. Therefore, In recent
years, means for achieving higher integration of
semiconductor devices without depending on
miniaturization are being studied. As one such means,
semiconductor devices having complicated structures,
such as a multigate structure, are being studied, and

some have already been put to practical use. When such
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a structure is formed by a multilayer resist method, it
is possible to apply an organic film material that can
be planarized by filling, with a film without gaps, a
fine pattern, such as holes, trenches, and fins, formed
on a substrate to be processed, filling steps or
pattern-dense portions and no-pattern regions with a
film, etc. By forming a flat organic film surface on a
stepped substrate by using such an organic film
material, it is possible to suppress fluctuation in the
film thickness of a silicon-containing resist middle
layer film and resist upper layer film formed thereon,
and suppress degradation in a focus margin in
photolithography and a margin In a subsequent step of
processing the substrate to be processed. Thus, a
semiconductor device can be manufactured with a good
yield. On the other hand, in monolayer resist methods,
the thickness of the upper layer resist film i1s made
thicker for filling stepped or patterned substrate to be
processed, and patterning margin at the time of exposure
is reduced, for example, pattern collapse occurs after
exposure development due to the thickening and the
pattern shape i1s degraded due to reflection from the
substrate during exposure, making i1t difficult to
manufacture semiconductor devices with a good yield.
[0005]

Furthermore, as a technique for increasing the
processing speed of next-generation semiconductor
devices, application of advanced materials is also
beginning to be considered, for example: novel materials
having high electron mobility using strained silicon,
gallium arsenic, and so forth; ultrathin polysilicon
controlled 1n units of angstrom; etc. However,

regarding substrates to be processed in which such novel
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advanced materials are applied, the material of the
substrate to be processed i1s corroded by oxygen in the
air under conditions when forming a planarizing film
with the above-described organic film material, for
example, conditions of film formation in the air at
300°C or higher, so that the increase in the processing
speed of the semiconductor device cannot exhibit the
performance according to the design of the material, and
it may not be possible to achieve a yield that allows
the realization of industrial production. Accordingly,
to avoid the degradation in yield caused by the
corrosion of the substrate due to air under such high-
temperature conditions, there are expectations for
organic film materials with which a film can be formed
in an inert gas.

[0006]

Conventionally, condensation resins iIn which
carbonyl compounds, such as ketones and aldehydes, or
aromatic alcohols are used as condensing agent for
phenol- and naphthol-based compounds are known as
materials for forming an organic film for multilayer
resist methods. Examples include fluorene bisphenol
novolak resins disclosed 1n Patent Document 1, bisphenol
compounds disclosed iIn Patent Document 2 and novolak
resins thereof, novolak resins of adamantane phenol
compounds disclosed in Patent Document 3, and
bisnaphthol compounds disclosed in Patent Document 4 and
novolak resins thereof. A Tilm of such a material is
formed as a film that has solvent resistance to a
coating film material used iIn the subsequent step, and
this 1s achieved by the curing action of crosslinking
using a methylol compound as a crosslinking agent, or of

a crosslinking reaction by virtue of oxidization of an
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aromatic ring at o position by the action of the oxygen
in the air and subsequent condensation.
[0007]

Furthermore, an organic film material in which a
triple bond is applied as an intermolecular crosslinking
group of a curable resin is known. For example, Patent
Documents 5 to 16 etc. are known. In these materials, a
cured film having solvent resistance i1s formed not only
by the above-described crosslinking derived from
methylol but also crosslinking by the polymerization of
triple bonds. However, although these materials for
forming an organic fTilm are excellent iIn heat
resistance, properties such as flatness and adhesiveness
to a substrate are insufficient, and there remains room

for improvement.
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SUMMARY OF INVENTION
TECHNICAL PROBLEM
[0009]

The present invention has been made iIn view of the
above circumstances. An object of the present invention
is to provide: a compound for forming an organic film
that cures under Tilm formation conditions in an inert
gas as well as i1n air, and makes it possible to form an
organic film that is not only excellent in heat
resistance and properties of filling and planarizing a
pattern formed iIn a substrate, but also has favorable
film-formability on and adhesiveness to a substrate; and
a material for forming an organic film, containing the
compound. Furthermore, the present invention also
provides a substrate for manufacturing a semiconductor
device including the material; a method for forming an
organic film, using the material; and a patterning
process using the material. The present invention also
provides an aromatic carboxylic anhydride having a
crosslinkable moiety, expected to be an industrially
useful raw material such as electronic materials and

aerospace materials.

SOLUTION TO PROBLEM
[0010]

To achieve the object, the present invention
provides a material for forming an organic film,
comprising: (A) a compound represented by the following
general formula (1A); and (B) an organic solvent,



W1_€X1)n1 (1A)

wherein Wi represents an nl-valent organic group,
“nl” represents an integer of 2 to 4, and X1 represents a

group represented by the following general formula (1B),

Q
N A
Xi= —N_ | —o—:@—ém) ,
n
S (1B)

wherein “n2” represents 1 or 2, Ri represents any
of groups represented by the following formulae (1C),
the aromatic ring optionally has a substituent, and the
Ri, being a terminal structure, is optionally a

combination of two or more kinds.

R= =~ -—= --——CH __,:—O
\ i 10

[0011]

Such a material for forming an organic film cures
under film formation conditions in an inert gas as well
as In air, and makes i1t possible to form an organic film
that has high heat resistance, favorable film-
formability on and adhesiveness to a substrate, and high
filling and planarizing properties.

[0012]

In the present invention, the component (A) 1is

preferably a compound represented by the following

general formula (1D),

AN D
<X1>F©'_W2_'\/%X1 > " 10y

wherein W2 represents a single bond or a divalent

organic group, “n3” and “n4” each represent an integer
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that satisfies 2 < n3+n4 < 4, the benzene rings in the
formula optionally have a substituent, the organic group
in the W, and the substituent on the benzene ring are
optionally bonded to each other to form a cyclic organic
group, and X; is as defined above.

[0013]

When the compound contained In the material for
forming an organic fTilm has a combination of various
structures of W., being adjacent to a benzene ring
structure, i1t is possible to tune not only curability
achieved by the terminal structure as described above,
but also physical properties etc., such as heat
resistance and etching resistance, 1In accordance with
the required performance. Examples include means such
as: introducing a substituent for imparting flexibility
to W2 to alleviate interaction between molecules;
inhibiting crystallinity to improve solubility iIn an
organic solvent and film-formability; and introducing a
substituent to impart flowability to improve filling and
planarizing properties.

[0014]

In this case, the W> in the general formula (1D)
preferably represents a single bond or any of groups
represented by the following formulae (1E),



Il 1]
W= ==0-= --8--- ==C-- =-CHp~ --CH,~CHp~ --CH=CH-- --S--

CH CF
N _f N _3_ I/\ ) A - __CHV\I CHj;
CH; CFj3 \/ \/ 0 i:JiHs

S0 L.

wherein the aromatic rings optionally have a
substituent.
[0015]

The compound contained in the material for forming
an organic fTilm preferably has the above-described
partial structure from the viewpoints of heat resistance
and solvent solubility.

[0016]

In the present invention, the “n3” and “n4” i1n the
general formula (1D) preferably satisfy relationships 1
£ n3 <2, 1< n4d £2, and 2 £ n3+n4 < 4.

[0017]

When the compound contained in the material for
forming an organic film satisfies the above-described
relation, it is possible to form an organic film that is
excellent 1n not only heat resistance, but also filling

and planarizing properties.
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[0018]

In the present invention, the component (A)
preferably satisfies 1.00 £ Mw/Mn < 1.10, where Mw 1is a
weight-average molecular weight and Mn is a number-
average molecular weight measured by gel permeation
chromatography in terms of polystyrene.

[0019]

By controlling the Mw/Mn of the compound contained
in the material for forming an organic film in such a
range, an organic film excellent in filling property and
flatness can be formed.

[0020]

In the present invention, the component (B) 1is
preferably a mixture of one or more kinds of organic
solvent having a boiling point of lower than 180°C and
one or more kinds of organic solvent having a boiling
point of 180°C or higher.

[0021]

Such a material for forming an organic film has
both higher filling and planarizing properties by
thermal flowability being imparted by the compound
containing a high-boiling-point solvent.

[0022]

In the present invention, the material for forming
an organic film preferably further comprises one or more
of (C) an acid generator, (D) a surfactant, (E) a
crosslinking agent, and (F) a plasticizer.

[0023]

The inventive material for forming an organic film
can contain one or more of the components (C) to (F) in
accordance with the purpose.

[0024]

The present invention also provides a substrate for
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manufacturing a semiconductor device, comprising a
substrate and an organic film formed thereon, the
organic film being a cured product of the above-
described material for forming an organic film.
[0025]

The inventive material for forming an organic film
has both high filling and planarizing properties, and
thus, makes i1t possible to achieve an organic film that
does not have fine vacancies due to insufficient filling
or unevenness of the organic film surface due to
insufficient planarization. A substrate for
manufacturing a semiconductor device planarized with the
inventive material for forming an organic film has a
wide process margin at the time of patterning, and a
semiconductor device can be manufactured with a good
yield.

[0026]

The present invention also provides a method for
forming an organic film to be applied In a process of
manufacturing a semiconductor device, the method
comprising:

spin-coating a substrate to be processed with the
above-described material for forming an organic film;
and

obtaining an organic film by heating the substrate
to be processed coated with the material for forming an
organic film under an i1nert gas atmosphere at a
temperature of 50°C or higher and 600°C or lower for 10
seconds to 7200 seconds.

[0027]

The present invention also provides a method for

forming an organic film to be applied 1In a process of

manufacturing a semiconductor device, the method
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comprising:

spin-coating a substrate to be processed with the
above-described material for forming an organic film;

forming a coating film by heating the substrate to
be processed coated with the material for forming an
organic film in air at a temperature of 50°C or higher
and 300°C or lower for 5 seconds to 600 seconds; and

subsequently obtaining an organic film by heating
under an inert gas atmosphere at a temperature of 200°C
or higher and 600°C or lower for 10 seconds to 7200
seconds.
[0028]

An organic film to be applied In a process of
manufacturing a semiconductor device, formed by the
inventive method for forming an organic film, has high
heat resistance and high filling and planarizing
properties, and when used In a process of manufacturing
a semiconductor device, a good yield of the
semiconductor device can be achieved.

[0029]

In this event, the i1nert gas atmosphere preferably
has an oxygen concentration of 1% or less.
[0030]

The inventive material for forming an organic film
cures sufficiently without generating a sublimation
product even when heated In such an inert gas
atmosphere, and an organic film excellent iIn
adhesiveness to a substrate can be formed.

[0031]

In the present invention, the substrate to be
processed preferably has a structure or step having a
height of 30 nm or more.

[0032]
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The inventive method for forming an organic film 1is
particularly useful when forming a flat organic film on
a substrate to be processed having such unevenness.
[0033]

The present invention also provides a patterning
process comprising:

forming an organic fTilm by using the above-
described material for forming an organic film on a body
to be processed;

forming a silicon-containing resist middle layer
film by using a silicon-containing resist middle layer
film material on the organic film;

forming a resist upper layer film by using a
photoresist composition on the silicon-containing resist
middle layer film;

forming a circuit pattern in the resist upper layer
film;

transferring the pattern to the silicon-containing
resist middle layer film by etching while using the
resist upper layer film having the formed pattern as a
mask;

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

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

[0034]

The present invention also provides a patterning
process comprising:

forming an organic film by using the above-
described material for forming an organic film on a body

to be processed;
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forming a silicon-containing resist middle layer
film by using a silicon-containing resist middle layer
film material on the organic film;

forming an organic antireflective coating on the
silicon-containing resist middle layer film;

forming a resist upper layer film by using a
photoresist composition on the organic antireflective
coating, so that a 4-layered film structure is
constructed;

forming a circuit pattern in the resist upper layer
Tilm;

transferring the pattern to the organic
antireflective coating and the silicon-containing resist
middle layer film by etching while using the resist
upper layer film having the formed pattern as a mask;

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

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

The present invention also provides a patterning
process comprising:

forming an organic film by using the above-
described material for forming an organic film on a body
to be processed;

forming an inorganic hard mask middle layer film
selected from a silicon oxide film, a silicon nitride
film, a silicon oxynitride film, a titanium oxide film,
and a titanium nitride film on the organic film;

forming a resist upper layer film by using a

photoresist composition on the inorganic hard mask
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middle layer film;

forming a circuit pattern in the resist upper layer
film;

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

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

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

The present invention also provides a patterning
process comprising:

forming an organic film by using the above-
described material for forming an organic film on a body
to be processed;

forming an inorganic hard mask middle layer film
selected from a silicon oxide film, a silicon nitride
film, a silicon oxynitride film, a titanium oxide film,
and a titanium nitride film on the organic film;

forming an organic antireflective coating on the
inorganic hard mask middle layer film;

forming a resist upper layer film by using a
photoresist composition on the organic antireflective
coating, so that a 4-layered film structure is
constructed;

forming a circuit pattern in the resist upper layer
Tilm;

transferring the pattern to the organic
antireflective coating and the iInorganic hard mask

middle layer film by etching while using the resist
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upper layer film having the formed pattern as a mask;
transferring the pattern to the organic film by

etching while using the inorganic hard mask middle layer

film having the transferred pattern as a mask; and
further transferring the pattern to the body to be

processed by etching while using the organic film having

the transferred pattern as a mask.

[0037]

The inventive material for forming an organic film
can be used suitably for various patterning processes
such as: a 3-layer resist process using a silicon-
containing resist middle layer film or an inorganic hard
mask middle layer film; and a 4-layer resist process
using an organic antireflective film in addition to
these. When a circuit pattern is formed by the
inventive patterning process described above In a
process of manufacturing a semiconductor device, a
semiconductor device can be manufactured with a good
yield.

[0038]

In this event, the i1norganic hard mask middle layer
film 1s preferably formed by a CVD method or an ALD
method.

[0039]

In the inventive patterning process, the inorganic
hard mask middle layer film can be formed by such
methods, for example.

[0040]

In the present invention, the circuit pattern is
preferably formed by a lithography using light with a
wavelength of 10 nm or more to 300 nm or less, a direct
drawing with electron beam, nanoimprinting, or a

combination thereof.
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[0041]

Furthermore, in the present invention, the circuit
pattern is preferably developed by alkali development or
with an organic solvent.

[0042]

In the inventive patterning process, such means for
forming and developing the circuit pattern can be used
suitably.

[0043]

In the present invention, the body to be processed
is preferably a semiconductor device substrate or the
semiconductor device substrate coated with any of a
metal film, a metal carbide film, a metal oxide film, a
metal nitride film, a metal oxycarbide film, and a metal
oxynitride film.

[0044]

In this case, the body to be processed preferably
contains silicon, titanium, tungsten, hafnium,
zirconium, chromium, germanium, copper, silver, gold,
aluminum, indium, gallium, arsenic, palladium, iron,
tantalum, iridium, cobalt, manganese, molybdenum, or an
alloy thereof.

[0045]

According to the inventive patterning process, such
substrates to be processed can be processed to form a
pattern.

[0046]

The present invention also provides a compound for

forming an organic film, represented by the following

general formula (1A),

W1_€X1)n1 (1A)

wherein W: represents an nl-valent organic group,
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“nl” represents an integer of 2 to 4, and X1 represents a

group represented by the following general formula (1B),

O
/‘\_Q
Xp= =N _O_:\/ Fz1)nz
0 (1B)

wherein “n2” represents 1 or 2, Ri represents any
of groups represented by the following formulae (1C),
the aromatic ring optionally has a substituent, and the
Ri1, being a terminal structure, is optionally a

combination of two or more kinds.

Ry= =~ _——— --—CH - = >
\ i (1C)

[0047]

Such a compound for forming an organic film cures
under Ffilm formation conditions In an inert gas as well
as 1In air, has high heat resistance and high filling and
planarizing properties, and furthermore, by the action
of a dioxin structure, being a heterocycle containing
oxygen, makes i1t possible to form an organic film
excellent in film-formability on and adhesiveness to a
substrate.

[0048]

In the present invention, the compound for forming
an organic film i1s preferably represented by the
following general formula (1D),

AN N
<X1>F©'_W2_'\/%X1 > N 103

wherein W2 represents a single bond or a divalent
organic group, “n3” and “n4” each represent an integer

that satisfies 2 < n3+n4 < 4, the benzene rings in the
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formula optionally have a substituent, the organic group
in the W, and the substituent on the benzene ring are
optionally bonded to each other to form a cyclic organic
group, and X; is as defined above.

[0049]

Such a compound for forming an organic film has
curability under film formation conditions in an inert
gas as well as 1n air, and can also exhibit excellent
heat resistance under any film formation conditions.
[0050]

In this case, it is preferable that the W> in the
general formula (1D) represents a single bond or any of
groups represented by the following formulae (1E),

?.’

11
Wy= --0-- ==§=== ==C-= ==CHy~ =-CH,;~CH, --CH=CH-- --S$---

CHs CFy -~

T T S 2 ||/\\\| CH%/\\H CHj
iH3 iFs O - ___\\)“ -0 _j0-- ——1— 4}__

S5 R

wherein the aromatic rings optionally have a
substituent.
[0051]

Such a compound for forming an organic film has
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curability under film formation conditions in an inert
gas as well as 1n air, and can also exhibit better heat
resistance under any film formation conditions.

[0052]

In the present invention, the “n3” and “n4” i1n the
general formula (1D) preferably satisfy relationships 1
£ n3 <2, 1< n4d £2, and 2 £ n3+n4 < 4.

[0053]

In such a compound for forming an organic film,
film shrinkage during curing is suppressed, and the
compound has excellent filling and planarizing
properties.

[0054]

The present invention also provides an aromatic

carboxylic anhydride represented by the following

general formula (1F),

0
N D
O (1F)

wherein “n2” represents 1 or 2, Ri represents any
of groups represented by the following formulae (1G),
the aromatic ring optionally has a substituent, and the
Ri1, being a terminal structure, is optionally a

combination of two or more kinds.

R1= - - ——ECH3 ——}@
Qk (16)

[0055]

The above-described aromatic carboxylic anhydride
includes an ether structure and, as a terminal
structure, a crosslinking group, and does not contain

many polar groups. Such an aromatic carboxylic
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anhydride can impart not only heat resistance and
crosslinking property, but also conflicting properties
of high Tg and workability (film-formability etc.) to an
imide-based material containing polyimide. Therefore,
it is possible to impart not only heat resistance as an
imide material, but also properties required iIn
electronic materials and aerospace materials, which
require low dielectric constant, curability, etc., and
the aromatic carboxylic anhydride is industrially an
extremely useful candidate as an end-capping agent for

polyimide and imide compounds.

ADVANTAGEOUS EFFECTS OF INVENTION
[0056]

As described above, the inventive compound for
forming an organic film cures without generating a by-
product even in film formation In an inert gas, where
the corrosion of substrates can be prevented, and 1is
useful for forming an organic film that has high filling
and planarizing properties, heat resistance, etching
resistance, film-formability and adhesiveness. In
addition, a material for forming an organic film
containing the compound has excellent filling and
planarizing properties, and also makes it possible to
form an organic film that has various properties, such
as heat resistance, etching resistance, adhesiveness to
a substrate, and film-formability. Therefore, the
material i1s extremely useful as, for example: an organic
film material in multilayer resist methods, such as a 2-
layer resist method, a 3-layer resist method using a
silicon-containing resist middle layer film, and a 4-
layer resist method using a silicon-containing resist

middle layer film and an organic antireflective film; or
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a planarizing material for manufacturing a semiconductor
device. In addition, an organic film formed from the
inventive material for forming an organic film is
excellent in heat resistance, and therefore, there iIs no
fluctuation in film thickness due to thermal
decomposition even iIn a case where an inorganic hard
mask middle layer film is formed on the organic film.
Therefore, the organic film i1s suitable for patterning.
Furthermore, the aromatic carboxylic anhydride used for
introducing the terminal structure can be expected to be
a material industrially useful as an end-capping agent
for polyimide and imide compounds used for electronic

materials and aerospace materials.

BRIEF DESCRIPTION OF DRAWINGS
[0057]

FIG. 1 1s an explanatory diagram of planarizing
property In the present invention.

FIG. 2 1s an explanatory diagram of an example of
an inventive patterning process according to a 3-layer
resist method.

FIG. 3 1s an explanatory diagram of a method for
evaluating the filling property in Examples.

FIG. 4 1s an explanatory diagram of a method for

evaluating the planarizing property in Examples.

DESCRIPTION OF EMBODIMENTS
[0058]

As described above, there have been demands for the
development of: a material for forming an organic film
that makes i1t possible to form, without generating a by-
product even under film formation conditions In an inert

gas, for example, at 300°C or higher, for preventing the
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corrosion of substrates, an organic film which is not
only excellent in the filling and planarizing properties
of a pattern formed on a substrate but also has
favorable dry etching resistance at the time of
substrate processing, and that causes no fluctuation iIn
the film thickness of the organic film due to thermal
decomposition even when an inorganic hard mask middle
layer film i1s formed on the organic film; and a compound
for forming an organic film useful for a patterning
process using the material.

[0059]

Usually, when an organic film is formed, a compound
for forming an organic film i1s dissolved iIn an organic
solvent to form a composition, this is applied onto a
substrate on which a structure, circuit, etc. of a
semiconductor device has been formed and is baked, and
thus, an organic film 1s formed. Immediately after the
application of the composition, a coating film 1s formed
along the shape of the stepped structure on the
substrate, and when the coating film is baked, most of
the organic solvent evaporates in the time until the
film cures and an organic film is formed by the compound
for forming an organic film remaining on the substrate.
The present inventors have considered that, when the
compound for forming an organic film remaining on the
substrate i1n this event has sufficient thermal
flowability, i1t 1s possible to planarize, by thermal
flow, the stepped shape immediately after the
application and form a flat film.

[0060]

The present inventors have further studied

earnestly and found out that a compound for forming an

organic film represented by the following general
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formula (1A) can give a material for forming an organic
film that has a thermosetting property equivalent to
that of conventional resist underlayer film materials iIn
an inert gas as well as in air by virtue of the action
of the substituent represented by R:, that does not lose
heat resistance by virtue of a crosslinking structure
linked with an ether linker being i1ncorporated on an
end, and, by solvent solubility, adhesiveness, thermal
flowability, and high filling and planarizing
properties, which are conflicting properties in ordinary
polyimide and imide compounds, being imparted, that has
not only flatness on a substrate to be processed but
also heat resistance which prevents fluctuation iIn
coating film thickness due to thermal decomposition even
when an inorganic hard mask middle layer film is formed.
Thus, the present invention has been completed.
[0061]

That 1s, the present iInvention is a material for
forming an organic film, comprising: (A) a compound
represented by the following general formula (1A); and

(B) an organic solvent,

W1_€X1)n1 (1A)

wherein W: represents an nl-valent organic group,
“nl” represents an integer of 2 to 4, and X1 represents a

group represented by the following general formula (1B),

0
N,
= —N —Or %R)
X1 l © Qxﬂd 1n2
o (1B)

wherein “n2” represents 1 or 2, Ri represents any
of groups represented by the following formulae (1C),

the aromatic ring optionally has a substituent, and the
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Ri1, being a terminal structure, is optionally a

combination of two or more kinds.

R= ~~ ——_—— --——CH - >
\ i (16

[0062]

Hereinafter, the present invention will be
described i1in detail, but the present invention is not
limited thereto.

[0063]
<Compound for Forming Organic Film>
The i1nventive compound for forming an organic film

is represented by the following general formula (1A).

W1—€x1)n 1 .

In the formula, Wi represents an nl-valent organic
group, “nl” represents an integer of 2 to 4, and Xi
represents a group represented by the following general
formula (1B).

0
A
Xqg= —N_ | —o—:O—ém)
F n2
o (1B)

In the formula, “n2” represents 1 or 2, R:
represents any of groups represented by the following
formulae (1C), the aromatic ring optionally has a
substituent, and the Ri:, being a terminal structure, 1is

optionally a combination of two or more kinds.

R1= - e --———CH ——4<: >
\ i (10)

[0064]
The Ri represented by the formulae (1C) functions
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as a thermal crosslinking group. 1In view of curability,
heat resistance, and the availability of raw materials,
R1 1s preferably an ethynyl group or an ethynylphenyl
group. Examples of the substituent on the aromatic ring
include halogen atoms, such as fluorine, bromine, and
iodine, alkyl groups, such as methyl, ethyl, and propyl,
etc., and in view of the availability of raw materials,
the substituent i1s preferably fluorine.

[0065]

The terminal structure represented by the general
formula (1B) is an imide structure that has been ring-
closed beforehand. A polyimide varnish used as a film
material i1s generally used in the following manner: an
amic acid, being an intermediate, is applied; then,
ring-closing is performed by heating; and after film
formation, the obtained polyimide film 1s used.

However, the compound represented by the general formula
(1A), which 1s the inventive compound for forming an
organic film, is a soluble imide compound that has been
ring-closed beforehand. Therefore, there is no removal
reaction, such as dehydration, which occurs in the
thermal ring-closing of an amic acid, being an imide
compound precursor, and therefore, film shrinkage 1is
suppressed and there is no risk of the flatness of the
organic film being degraded. Furthermore, by providing
a stable imide compound in advance, i1t i1s possible to
suppress decomposition and so forth due to the
equilibrium reaction of an imide compound precursor,
such as an amic acid, and the inventive compound is also
advantageous in view of storage stability. Furthermore,
by an imide structure and a terminal structure having a
crosslinking group structure being linked with an ether

group, Flowability can be imparted without degrading
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heat resistance, and it is possible to impart thermal
flowability at the time of film formation while
maintaining high heat resistance. Furthermore, in the
inventive compound for forming an organic film, the
terminal structure represented by the general formula
(1B), including the imide structure, also agrees with
the design concept of a polyimide material, such as a
low dielectric constant, low moisture absorption, and
high workability, and application not only for the
planarization of semiconductor substrates but also iIn
many fields of materials where polyimide and imide
compounds are used, for example, electronic materials
and aerospace materials, can be expected.

[0066]

In the general formula (1B), “n2” represents 1 or
2, and from the availability of raw materials and ease
in manufacturing, “n2” i1s preferably 1. Examples of the
substituent on the aromatic ring include halogen atoms,
such as fluorine, bromine, and i1odine, alkyl groups,
such as methyl, ethyl, and propyl, etc., and N1, the
number of substituents on the aromatic ring on the imide
Structure, satisfies the relationship 0 < N1 < 3.
Furthermore, N2, the number of substituents on the
aromatic ring having Ri, satisfies the relationships 0 <
N2 £ 3, 1 £n2 <2, and 1 £ n2+N2 £ 4., 1In view of the
availability of raw materials, the substituent 1is
preferably fluorine.

[0067]

Furthermore, the terminal structure that functions
as a crosslinking group, represented by Ri, does not
undergo a curing reaction due to a sudden catalytic
action caused by a heat treatment during film formation

compared to crosslinking catalysts, such as thermal acid
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generators including a crosslinking agent epoxy group
and a methoxymethyl group, which are used as typical
crosslinking agents, and sudden decrease in thermal
flowability does not occur. Therefore, the terminal
structure is advantageous from the viewpoint of
imparting thermal flowability, and a compound for
forming an organic film excellent 1n filling and
planarizing properties can be achieved. Moreover, since
curing is achieved by a cyclization reaction between
triple bonds and a polymerization reaction between
double bonds, the crosslinking means is not accompanied
by a removal reaction etc., and the compound for forming
an organic film makes 1t possible to form an organic
film with suppressed film shrinkage during curing and
having an excellent planarizing property.

[0068]

In the general formula (1A), “nl” represents an
integer of 2 to 4.

[0069]

The Wi in the general formula (1A) represents an
nl-valent organic group, and examples include the
structural formulae shown below. The aromatic rings may
have a substituent. Examples of the substituent include
a hydroxy group, a trifluoromethyl group, alkyl groups
having 1 to 10 carbon atoms, alkynyl groups or alkenyl
groups having 3 to 10 carbon atoms, alkyloxy groups
having 1 to 10 carbon atoms, alkynyloxy groups or
alkenyloxy groups having 3 to 10 carbon atoms, aryl
groups having 6 to 10 carbon atoms, a thiol group, a
nitro group, a halogen group, a nitrile group, a
sulfonic acid group, alkoxycarbonyl groups having 2 to
10 carbon atoms, and alkanoyloxy groups having 2 to 10

carbon atoms.
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[0070]
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[0074]
In the present invention, the compound for forming
an organic film i1s preferably represented by the

following general formula (1D).

AN N
<X1>F©'_W2_'\/%X1 > N 103

In the formula, W2 represents a single bond or a

divalent organic group, “n3” and “n4” each represent an
integer that satisfies 2 < n3+n4 < 4, the benzene rings
in the formula optionally have a substituent, the
organic group in the W. and the substituent on the
benzene ring are optionally bonded to each other to form
a cyclic organic group, and X1 iIs as defined above.
[0075]

Furthermore, in the inventive compound for forming
an organic film, the W> in the general formula (1D)
preferably represents a single bond or any of groups
represented by the following formulae (1E). Among
these, from the viewpoints of imparting solvent
solubility and flowability, preferable are a single
bond, a group having an ether bond, an isopropylidene
structure, a hexafluoroisopropylidene structure, or a
fluorene structure, and a group that forms an indane

structure with an aromatic ring bonded to an imide ring.
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In the formulae, the aromatic rings optionally have
a substituent.

[0076]

Furthermore, in the present invention, the “n3” and
“n4” 1n the general formula (1D) preferably satisfty
relationships 1 £ n3 £ 2, 1 £ n4 £ 2, and 2 £ n3+n4 < 4,
[0077]

When such relationships between “n3” and “n4” are
satisfied, the compound for forming an organic film has
both filling and planarizing properties without
thermosetting property and heat resistance being
degraded. In particular, compounds in which 1 < n3 < 2,
1 £ nd4d £ 2, and 3 £ n3+n4 £ 4 are satisfied are more
preferable from the viewpoint of heat resistance. Among
these, compounds which satisfy the relationships and iIn
which the W2 in the general formula (1D) is a single bond

or has any of an ether bond, an isopropylidene
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structure, a hexafluoroisopropylidene structure, and a
fluorene structure are preferable, and compounds iIn
which W2 1s a single bond or has an ether bond or a
fluorene structure are further preferable. In this
case, X1 IS a substituent on a benzene ring, and when
there are two or more Xis on a single aromatic ring, that
is, when n3=2 and/or n4=2, it i1s further preferable that
the substituents X; on the two aromatic rings are
adjacent on a single aromatic ring as shown below. When
these relationships are satisfied, the steric hindrance
between the imide groups makes it possible not only to
enhance solubility in a solvent but also to satisfy heat
resistance and thermal flowability in the imide

compound, which are properties that may conflict.

X/\W.\’“ N Y
o U e PRMCE
¥ o = 7
L“V’J X1 X X
In the formulae, W2 and Xi1 are as defined above.

[0078]

In the present invention, the compound for forming
an organic film preferably satisfies 1.00 < Mw/Mn <
1.10, where Mw is a weight-average molecular weight and
Mn i1s a number-average molecular weight measured by gel
permeation chromatography in terms of polystyrene. By
controlling the Mw/Mn of the compound for forming an
organic film in such a range, i1t is possible to form an
organic film excellent in filling and planarizing
properties.

[0079]

Even when the compound is a mixture of
monomolecular compounds including multiple terminal
structures and main skeleton structures, the thermal

flowability of the compound for forming an organic film
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can be further improved when the Mw/Mn is in the above-
described range. Therefore, when the compound is
contained 1n a material for forming an organic film
described later, not only is it possible favorably to
Till a fine structure formed on a substrate, it is also
possible to form an organic film that can planarize the
entire substrate.
[0080]
<Method for Manufacturing Compound for Forming Organic
Film>

As a means for obtaining the inventive compound for
forming an organic film, the compound can be synthesize
by: obtaining an amic acid compound by a reaction
between an amine compound and an aromatic carboxylic
anhydride, shown below (STEP 1); and then performing
thermal or chemical imidization (STEP 2). 1t 1is
possible to use one kind of the amine compound or the
aromatic carboxylic anhydride used when synthesizing the
amic acid compound, or two or more kinds thereof. These
can be appropriately selected and used iIn combination
according to the required properties. In the following
formulae, Wi, Ri, “nl”, and “n2” are as defined above.
Incidentally, when forming an organic film for
electronic materials, and not just for planarizing a
semiconductor substrate, the amic acid compound can also
be used as i1t 1s as a compound for forming an organic
film without performing the imidization.
[0081]

STEP 1: synthesis of amic acid compound

0]

o}
WifNH, ) g 0§3@0©<R1 — W N)‘j/\j_ N
" 0 e )n2 H(l)—IOC (> K;(R >n2
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[0082]
STEP 2: synthesis of imide compound

0 o)
WA—NTTY Y — W N;XDO:—O—@F%)
{borom) — ~{Jo-onr)

[0083]
The synthesis of the amic acid compound shown in

1

STEP 1 can usually be performed in an organic solvent at
room temperature or under cooling or heating as
necessary. Examples of the solvent used include:
alcohols, such as methanol, ethanol, isopropyl alcohol,
butanol, ethylene glycol, propylene glycol, diethylene
glycol, glycerol, ethylene glycol monomethyl ether,
propylene glycol monomethyl ether, and propylene glycol
monoethyl ether; ethers, such as diethyl ether, dibutyl
ether, diethylene glycol diethyl ether, diethylene
glycol dimethyl ether, tetrahydrofuran, and 1,4-dioxane;
chlorinated solvents, such as methylene chloride,
chloroform, dichloroethane, and trichloroethylene;
hydrocarbons, such as hexane, heptane, benzene, toluene,
xylene, and cumene; nitriles, such as acetonitrile;
ketones, such as acetone, ethyl methyl ketone, i1sobutyl
methyl ketone, and cyclohexanone; esters, such as methyl
acetate, ethyl acetate, n-butyl acetate, propylene
glycol methyl ether acetate, and y-butyrolactone; non-
protic polar solvents, such as N-methyl-2-pyrrolidone,
N,N-dimethylacetamide, dimethylsulfoxide, N,N-
dimethylformamide, and hexamethylphosphoric triamide;
and the like. One of these can be used, or two or more
thereof can be used 1In mixture. These solvents can be
used 1n a range of 0 to 2,000 parts by mass based on 100

parts by mass of the reactants. The reaction
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temperature is preferably -50°C to approximately the
boiling point of the solvent, and room temperature to
150°C 1s even more preferable. The reaction time is
appropriately selected from 0.1 to 100 hours.

[0084]

For these syntheses, a base catalyst can be used as
necessary, and examples of the base catalyst include
inorganic base compounds, such as sodium hydrogen
carbonate, sodium carbonate, potassium carbonate,
calcium carbonate, cesium carbonate, sodium hydroxide,
potassium hydroxide, sodium hydride, and potassium
phosphate; and organic bases, such as triethylamine,
diisopropyl ethyl amine, N,N-dimethylaniline, pyridine,
and 4-dimethylaminopyridine. One of these may be used
or two or more thereof may be used in combination. The
amount to be used i1s 0.01 to 20 mol, preferably 0.05 to
10 mol based on the number of moles of the raw material
aromatic carboxylic anhydride.

[0085]

The reaction method includes: a method where the
amine compound and the aromatic carboxylic anhydride are
charged into the solvent at once; a method of charging
an amine compound and aromatic carboxylic anhydride
dispersed or dissolved in the solvent separately or
mixed by adding dropwise; a method where either the
amine compound or the aromatic carboxylic anhydride 1is
dispersed or dissolved in the solvent, then the other
dispersed or dissolved in the solvent is added dropwise
to charge; and the like. Furthermore, when multiple
amine compounds and aromatic carboxylic anhydrides are
each charged, they can be mixed for reaction beforehand,
or they can be made to react individually In succession.

When a catalyst is used, methods include: a method where
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the catalyst is charged at once together with the amine
compound or the aromatic carboxylic anhydride; a method
where the catalyst i1s dispersed or dissolved beforehand,
then dropwise addition is performed; and the like. The
obtained amic acid solution may proceed successively to
the dehydration imidization reaction of STEP 2. 1In
addition, the obtained amic acid solution is not limited
to use for semiconductor materials and can also be used
directly as a compound for forming an organic film, and
in order to remove unreacted raw materials, the
catalyst, and so on present in the system, may also be
diluted with an organic solvent, then subjected to
liquid-li1quid separation washing, and thus collected.
[0086]

The organic solvent to be used in liquid-liquid
separation washing is not particularly limited, as long
as the organic solvent is capable of dissolving the
compounds and i1s separated into two layers when mixed
with water. Examples of the organic solvent include
hydrocarbons, such as hexane, heptane, benzene, toluene,
and xylene; esters, such as ethyl acetate, n-butyl
acetate, and propylene glycol methyl ether acetate;
ketones, such as methyl ethyl ketone, methyl amyl
ketone, cyclohexanone, and methyl isobutyl ketone;
ethers, such as diethyl ether, diisopropyl ether,
methyl-tert-butyl ether, and ethylcyclopentylmethyl
ether; chlorinated solvents, such as methylene chloride,
chloroform, dichloroethane, and trichloroethylene;
mixtures thereof; etc. As washing water used in this
event, generally, what is called deionized water or
ultrapure water may be used. The washing may be
performed one or more times, preferably approximately

one to five times because washing ten times or more does
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not always produce the full washing effects thereof.
[0087]

In the liquid-liquid separation washing, the
washing may be performed with a basic aqueous solution
to remove the unreacted raw materials and acidic
components in the system. The base specifically
includes hydroxides of alkaline metals, carbonates of
alkaline metals, hydroxides of alkali earth metals,
carbonates of alkali earth metals, ammonia, organic
ammonium, etc.

[0088]

Further, in the liquid-liquid separation washing,
the washing may be performed with an acidic aqueous
solution to remove the unreacted raw materials, metal
impurities, and basic components in the system. The
acid specifically includes i1norganic acids, such as
hydrochloric acid, hydrobromic acid, sulfuric acid,
nitric acid, phosphoric acid, and heteropoly acid;
organic acids, such as oxalic acid, fumaric acid, maleic
acid, trifluoroacetic acid, methanesulfonic acid,
benzenesulfonic acid, p-toluenesulfonic acid, and
trifluoromethanesulfonic acid; etc.

[0089]

The liquid-liquid separation washing may be
performed with either one of the basic aqueous solution
and the acidic aqueous solution, or can be performed
with a combination of the two. The liquid-liquid
separation washing is preferably performed with the
basic aqueous solution and the acidic aqueous solution
in this order from the viewpoint of removing the metal
impurities.

[0090]
After the liquid-liquid separation washing with the
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basic aqueous solution and the acidic aqueous solution,
washing with neutral water may be successively
performed. The washing may be performed one or more
times, preferably approximately one to five times. As
the neutral water, deionized water, ultrapure water, or
the like as mentioned above may be used. The washing
may be performed one or more times, but if the washing
is not performed sufficiently, the basic components and
acidic components cannot be removed iIn some cases. The
washing is preferably performed approximately one to
five times because washing ten times or more does not
always produce the full washing effects thereof.

[0091]

Further, the reaction product after the liquid-
liquid separation can also be collected as a powder by
concentrating and drying up the solvent or crystallizing
the reaction product under reduced pressure or normal
pressure. Alternatively, the reaction product can also
be retained in the state of solution with an appropriate
concentration to improve the workability in preparing
the i1nventive material for forming an organic film
described later. The concentration In this event is
preferably 0.1 to 50 mass%, more preferably 0.5 to 30
mass%. When the concentration is as described, the
viscosity is hardly increased, and therefore, it is
possible to prevent degradation of workability; In
addition, since the amount of the solvent i1s not
excessive, it is economical.

[0092]

The solvent in this event is not particularly
limited, as long as the solvent is capable of dissolving
the compound. Specific examples of the solvent include

ketones, such as cyclohexanone and methyl-2-amyl ketone;
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alcohols, such as 3-methoxybutanol, 3-methyl-3-
methoxybutanol, 1-methoxy-2-propanol, and l-ethoxy-2-
propanol; ethers, such as propylene glycol monomethyl
ether, ethylene glycol monomethyl ether, propylene
glycol monoethyl ether, ethylene glycol monoethyl ether,
propylene glycol dimethyl ether, and diethylene glycol
dimethyl ether; and esters, such as propylene glycol
monomethyl ether acetate, propylene glycol monoethyl
ether acetate, ethyl lactate, ethyl pyruvate, butyl
acetate, methyl 3-methoxypropionate, ethyl 3-
ethoxypropionate, tert-butyl acetate, tert-butyl
propionate, and propylene glycol mono-tert-butyl ether
acetate. One of these or a mixture of two or more
thereof can be used.

[0093]

The imide compound obtained by the reaction formula
of STEP 2 can be synthesized by thermal or chemical
imidization. These methods can be suitably selected
according to the thermal stability of the crosslinking
group in the desired imide compound and the reactivity
of the introduced substituent and the reagent used in
the chemical imidization.

[0094]

When thermal imidization is performed, a solvent
capable of forming an azeotrope with water is added to a
reaction solution of the amic acid compound (if
collected as a powder, the powder dissolved in a soluble
solvent beforehand) obtained in STEP 1, and heated to
100°C to 250°C, and a dehydration ring-closing reaction
takes place while generated water is being removed to
perform imidization.

[0095]

As the solvent capable of forming an azeotrope with
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water, it is possible to use esters, such as vy-
butyrolactone; polar solvents, such as N-methyl-2-
pyrrolidone, N,N-dimethylacetamide, dimethylsulfoxide,
and N,N-dimethylformamide; non-polar solvents, such as
benzene, toluene, xylene, and mesitylene; etc. It is
preferable to heat these solvents individually or mixed,
and perform dehydration while distilling the water
generated by ring-closure out of the system. These
solvents can be used iIn a range of 0 to 2,000 parts by
mass based on 100 parts by mass of the reactants.
[0096]

When chemical imidization i1s performed, a base
catalyst and an acid anhydride and the like as a
dehydrating agent are added to a reaction solution of
the amic acid compound (if collected as a powder, the
powder dissolved in a soluble solvent beforehand)
obtained in STEP 1, and imidization is performed at a
temperature of 0°C to 120°C.

[0097]

Base catalysts used in the chemical imidization
include pyridine, triethylamine, trimethylamine,
tributylamine, trioctylamine, and the like. Among
these, pyridine is preferable, having suitable basicity
for promoting the reaction. Dehydrating agents include
acetic anhydride, trimellitic anhydride, pyromellitic
anhydride, trifluoroacetic anhydride, polyphosphoric
acid, phosphorus pentoxide, phosphorus pentachloride,
and thionyl chloride. Acetic anhydride is preferable
from the viewpoint of purification after the reaction.
The amount of these catalysts to be used is 0.1 to 20
mol, preferably 0.2 to 10 mol based on the number of
moles of the raw material acid anhydride. Furthermore,
one of each of the base catalyst and the dehydrating
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agent may be used or two or more thereof may be used iIn
mixture, and the imidization ratio thereof can be
controlled appropriately according to the required
performance of the target compound by adjusting the
amount of the catalyst, the amount of the dehydrating
agent, the reaction temperature, and the reaction time.
[0098]

The solvent used in this event is not particularly
limited, as long as the solvent is inactive in the above
reaction. Examples of the solvent include ethers, such
as diethylene glycol diethyl ether, diethylene glycol
dimethyl ether, tetrahydrofuran, and 1,4-dioxane;
chlorinated solvents, such as methylene chloride,
chloroform, dichloroethane, and trichloroethylene;
hydrocarbons, such as hexane, heptane, benzene, toluene,
xylene, and cumene; nitriles, such as acetonitrile;
ketones, such as acetone, ethyl methyl ketone, i1sobutyl
methyl ketone, and cyclohexanone; esters, such as methyl
acetate, ethyl acetate, n-butyl acetate, propylene
glycol methyl ether acetate, and y-butyrolactone; non-
protic polar solvents such as N-methyl-2-pyrrolidone,
N,N-dimethylacetamide, dimethylsulfoxide, N,N-
dimethylformamide, and hexamethylphosphoric triamide;
and the like. One of these or a mixture thereof can be
used. These solvents can be used iIn a range of 0 to
2,000 parts by mass based on 100 parts by mass of the
reactants.

[0099]

As the reaction method and the method for
collecting the compound, the methods described in the
paragraphs for the amic acid compound can be used.
[0100]

As described above, the inventive compound for
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forming an organic film can give a material for forming
an organic fTilm having resistance to heat of 400°C or
higher and high filling and planarizing properties.
[0101]

Note that, in the present invention, planarizing
property is the ability to planarize a substrate
surface. In the case of a material for forming an
organic film containing the inventive compound for
forming an organic film, for example, as shown in FIG.
1, the material for forming an organic film 3> can be
applied onto a substrate 1 and heated to form an organic
film 3, and thus, a 100-nm step iIn the substrate 1 can
be reduced to be 30 nm or less. Note that the shape of
the step shown in FIG. 1 shows a typical example of a
step shape in a substrate for manufacturing a
semiconductor device, and the step shapes of substrates
that can be planarized with a material for forming an
organic film containing the inventive compound for
forming an organic film is, of course, not limited
thereto.

[0102]
<Aromatic Carboxylic Anhydride>

The 1nventive aromatic carboxylic anhydride is

represented by the following general formula (1F).
)

° | :}_O{E:E}<+%>n2

o (1F)

In the formula, “n2” represents 1 or 2, R:
represents any of groups represented by the following
formulae (1G), the aromatic ring optionally has a
substituent, and the R:, being a terminal structure, 1is

optionally a combination of two or more kinds.
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[0103]

The Ri represented by the formulae (1G) functions
as a thermal crosslinking group. 1In view of curability,
heat resistance, and the availability of raw materials,
R1 1s preferably an ethynyl group or an ethynylphenyl
group. Examples of the substituent on the aromatic ring
include halogen atoms, such as fluorine, bromine, and
iodine, alkyl groups, such as methyl, ethyl, and propyl,
etc., and in view of the availability of raw materials,
the substituent i1s preferably fluorine.

[0104]

In the general formula (1F), “n2” represents 1 or
2, and from the availability of raw materials and ease
in manufacturing, “n2” i1s preferably 1. Examples of the
substituent on the aromatic ring include halogen atoms,
such as fluorine, bromine, and i1odine, alkyl groups,
such as methyl, ethyl, and propyl, etc., and N1, the
number of substituents on the aromatic ring on the acid
anhydride, satisfies the relationship 0 £ N1 < 3.
Furthermore, N2, the number of substituents on the
aromatic ring having Ri, satisfies the relationships 0 <
N2 £ 3, 1 £n2 <2, and 1 £ n2+N2 £ 4., 1In view of the
availability of raw materials, the substituent 1is
preferably fluorine.

[0105]

The above-described aromatic carboxylic anhydride
includes an ether structure and, as a terminal
structure, a crosslinking group, and does not contain
many polar groups. Such an aromatic carboxylic

anhydride can impart not only heat resistance and
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crosslinking property, but also conflicting properties
of high Tg and workability (film-formability etc.) to an
imide-based material containing polyimide. Therefore,
it is possible to impart not only heat resistance as an
imide material, but also properties required iIn
electronic materials and aerospace materials, which
require low dielectric constant, curability, etc., and
the aromatic carboxylic anhydride i1s industrially an
extremely useful candidate as an end-capping agent for
polyimide and imide compounds.
[0106]

Examples of the above-described aromatic carboxylic
anhydride include the following.
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[0111]
As described above, the inventive aromatic

carboxylic anhydride is not limited to a raw material
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for a compound for forming a semiconductor planarizing
film, and can be expected to be a compound industrially
useful as a raw material for polyimide and imide
compounds usable for electronic materials, aerospace
materials, etc.
[0112]
<Method for Manufacturing Aromatic Carboxylic Anhydride>
As a means for obtaining the i1nventive aromatic
carboxylic anhydride, the aromatic carboxylic anhydride
can be synthesized by: performing an etherification
reaction (STEP 1) by a substitution reaction between a
phthalonitrile having a fluorine substituent and a
phenol having R; as a substituent, shown below; then
performing conversion to a carboxylic acid by the
hydrolysis (STEP 2) of the nitrile; and then performing
dehydration condensation between the adjacent carboxylic
acids (STEP 3). 1In the following formulae, R:, “nl”, and
“n2” are as defined above. Incidentally, when forming
an organic film for electronic materials, and not just
for planarizing a semiconductor substrate, the amic acid
compound can also be used as 1t 1s as a compound for
forming an organic fTilm without performing the
imidization.
[0113]

STEP 1: substitution reaction

e o o), —— T 3o
NG~ AV N~ N AV 2

[0114]
STEP 2: hydrolysis

oG ) 3o k)
NC—~NZ N A 2 HOOC ZAN!

[0115]
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STEP 3: dehydration condensation

o)

HOOC:@ 5 ©R1 )n O ;—o©<R1 >n2

HOOC
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[0116]

The substitution reaction shown In STEP 1 can
usually be performed in an organic solvent at room
temperature or under cooling or heating as necessary.
Examples of the organic solvent used include: alcohols,
such as methanol, ethanol, isopropyl alcohol, butanol,
ethylene glycol, propylene glycol, diethylene glycol,
glycerol, ethylene glycol monomethyl ether, propylene
glycol monomethyl ether, and propylene glycol monoethyl
ether; ethers, such as diethyl ether, dibutyl ether,
diethylene glycol diethyl ether, diethylene glycol
dimethyl ether, tetrahydrofuran, and 1,4-dioxane;
chlorinated solvents, such as methylene chloride,
chloroform, dichloroethane, and trichloroethylene;
hydrocarbons, such as hexane, heptane, benzene, toluene,
xylene, and cumene; nitriles, such as acetonitrile;
ketones, such as acetone, ethyl methyl ketone, i1sobutyl
methyl ketone, and cyclohexanone; esters, such as methyl
acetate, ethyl acetate, n-butyl acetate, propylene
glycol methyl ether acetate, and y-butyrolactone; non-
protic polar solvents, such as N-methyl-2-pyrrolidone,
N,N-dimethylacetamide, dimethylsulfoxide, N,N-
dimethylformamide, and hexamethylphosphoric triamide;
and the like. One of these can be used, or two or more
thereof can be used iIn mixture. These solvents can be
used 1n a range of 0 to 2,000 parts by mass based on 100
parts by mass of the reactants. The reaction

temperature is preferably -50°C to approximately the
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boiling point of the solvent, and room temperature to
200°C i1s even more preferable. The reaction time is
appropriately selected from 0.1 to 100 hours.

[0117]

For these syntheses, a base catalyst can be used as
necessary, and examples of the base catalyst include
inorganic base compounds, such as sodium hydrogen
carbonate, sodium carbonate, potassium carbonate,
calcium carbonate, cesium carbonate, sodium hydroxide,
potassium hydroxide, sodium hydride, and potassium
phosphate; and organic bases, such as triethylamine,
diisopropyl ethyl amine, N,N-dimethylaniline, pyridine,
and 4-dimethylaminopyridine. One of these may be used
or two or more thereof may be used in combination. The
amount to be used is 0.01 to 20 mol, preferably 0.05 to
10 mol based on the number of moles of the raw material
aromatic carboxylic anhydride.

[0118]

As the reaction method and the method for
collecting the compound, the methods described in the
paragraphs for the amic acid compound can be used. The
collected compound can be purified by recrystallization,
precipitation, distillation, etc., according to the
physical properties of the reaction product. 1t is also
possible to proceed to the reaction of the subsequent
step without going through the purification process
after the reaction.

[0119]

The hydrolysis reaction shown in STEP 2 can usually
be performed at room temperature or under cooling or
heating as necessary, using water, such as distilled
water, i1on-exchanged water, and ultrapure water.

Furthermore, an organic solvent can also be used in
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addition to the water. Examples of the organic solvent
that can be used iIn mixture with the water include
ethanol, methanol, propanol, acetone, methyl ethyl
ketone, diethyl ether, diisopropyl ether,
tetrahydrofuran, dioxane, benzene, toluene, xylene,
chloroform, dichloromethane, trichloroethylene, carbon
tetrachloride, etc., and one of these or a combination
of two or more thereof can be used. The amount of water
used is not particularly limited, but the amount used is
preferably approximately 1 to 10 mol, more preferably
approximately 2 to 5 mol based on the raw material ether
compound. When the amount of water used is the lower
limit or more, the hydrolysis reaction progresses
sufficiently. Meanwhile, when the amount used is the
upper limit or lower, the solvent is not used In a large
amount, and improvement in yield can be expected. When
an organic solvent is used, the organic solvent can be
used 1n a range of 0 to 2,000 parts by mass based on 100
parts by mass of the water. The reaction temperature is
preferably -50°C to approximately the boiling point of
the solvent, and room temperature to 200°C is even more
preferable. The reaction time is appropriately selected
from 0.1 to 100 hours.

[0120]

For these syntheses, a hydrolysis reaction can be
performed using an acid or base catalyst as necessary.
Examples of the acid catalyst used In this event include
hydrochloric acid, sulfuric acid, nitric acid, chloric
acid, bromic acid, methanesulfonic acid, and p-
toluenesulfonic acid. One of these or a combination of
two or more thereof can be used. Examples of base
catalysts include lithium hydroxide, sodium hydroxide,

potassium hydroxide, calcium hydroxide, and magnesium
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hydroxide. One of these or a combination of two or more
thereof can be used. The amount used is 0.01 to 20 mol,
preferably 0.05 to 10 mol based on the number of moles
of the raw material ether compound. 1In such a range of
the amount of acid or base used, the hydrolysis can be
performed more efficiently.

[0121]

As the reaction method and the method for
collecting the compound, the methods described in the
paragraphs for the amic acid compound can be used. The
collected compound can be purified by recrystallization,
precipitation, distillation, etc., according to the
physical properties of the reaction product. 1t i1s also
possible to proceed to the reaction of the subsequent
step without going through the purification process
after the reaction.

[0122]

In the dehydration condensation reaction shown in
STEP 3, it is possible to add a solvent capable of
forming an azeotrope with water, heat to 100°C to 250°C,
and perform conversion to an acid anhydride by a
dehydration ring-closing reaction while removing
generated water.

[0123]

As the solvent capable of forming an azeotrope with
water, it is possible to use esters, such as vy-
butyrolactone; polar solvents, such as N-methyl-2-
pyrrolidone, N,N-dimethylacetamide, dimethylsulfoxide,
and N,N-dimethylformamide; non-polar solvents, such as
benzene, toluene, xylene, and mesitylene; etc. It is
preferable to heat these solvents individually or mixed,
and perform dehydration while distilling the water

generated by ring-closure out of the system. These
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solvents can be used iIn a range of 0 to 2,000 parts by
mass based on 100 parts by mass of the reactants.
[0124]

As a different method for performing the
dehydration condensation reaction, there is a method of
using a dehydrating agent. 1t is possible to add an
acid anhydride or the like as a dehydrating agent and
perform the conversion to an acid anhydride at a
temperature of 0°C to 120°C.

[0125]

Examples of dehydrating agents include acetic
anhydride, trimellitic anhydride, pyromellitic
anhydride, trifluoroacetic anhydride, polyphosphoric
acid, phosphorus pentoxide, phosphorus pentachloride,
and thionyl chloride. Acetic anhydride is preferable
from the viewpoint of purification after the reaction.
The amount of these dehydrating agents to be used 1is
preferably approximately 1 to 10 mol, more preferably
approximately 2 to 5 mol based on the reactants. When
the amount of the dehydrating agent used is the lower
limit or more, the dehydration condensation reaction
progresses sufficiently. Meanwhile, when the amount
used 1s the upper limit or less, excessive dehydrating
agent does not remain, and improvement in yield can be
expected. Furthermore, iIn this event, a base catalyst
may be used with the dehydrating agent, and examples of
the base catalyst include pyridine, triethylamine,
trimethylamine, tributylamine, trioctylamine, and the
like. Among these, pyridine is preferable, having
suitable basicity for promoting the reaction. The
amount of these base catalysts to be used is 0.1 to 20
mol, preferably 0.2 to 10 mol based on the number of

moles of the raw material carboxylic acid. Furthermore,
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one of each of the base catalyst and the dehydrating
agent or a mixture of two or more thereof may be used,
and can be controlled appropriately according to the
reactivity, heat resistance, etc. of the target compound
by adjusting the amount of the catalyst, the amount of
the dehydrating agent, the reaction temperature, and the
reaction time.

[0126]

The solvent used in this event is not particularly
limited, as long as the solvent is inactive in the above
reaction. Examples of the solvent include ethers, such
as diethylene glycol diethyl ether, diethylene glycol
dimethyl ether, tetrahydrofuran, and 1,4-dioxane;
chlorinated solvents, such as methylene chloride,
chloroform, dichloroethane, and trichloroethylene;
hydrocarbons, such as hexane, heptane, benzene, toluene,
xylene, and cumene; nitriles, such as acetonitrile;
ketones, such as acetone, ethyl methyl ketone, i1sobutyl
methyl ketone, and cyclohexanone; esters, such as methyl
acetate, ethyl acetate, n-butyl acetate, propylene
glycol methyl ether acetate, and y-butyrolactone; non-
protic polar solvents such as N-methyl-2-pyrrolidone,
N,N-dimethylacetamide, dimethylsulfoxide, N,N-
dimethylformamide, and hexamethylphosphoric triamide;
and the like. One of these or a mixture thereof can be
used. These solvents can be used In a range of 0 to
2,000 parts by mass based on 100 parts by mass of the
reactants.

[0127]

As the reaction method and the method for
collecting the compound, the methods described In the
paragraphs for the amic acid compound can be used. The

collected compound can be purified by recrystallization,
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precipitation, distillation, etc., according to the
physical properties of the reaction product. 1t i1s also
possible to proceed to the reaction of the subsequent
step without going through the purification process
after the reaction.

[0128]

<Material for Forming Organic Film>

Furthermore, the present invention provides a
material for forming an organic film (composition for
forming an organic film), containing: (A) the inventive
compound for forming an organic film, represented by the
general formula (1A); and (B) an organic solvent. Note
that, in the i1nventive material for forming an organic
film, one kind of the above-described inventive compound
for forming an organic film can be used, or a
combination of two or more thereof can be used.

[0129]

The organic solvent (B) usable in the inventive
material for forming an organic film is not particularly
limited as long as the solvent can dissolve the above-
described compound and other constitutional components,
such as additives, contained In the material.
Specifically, solvents with a boiling point of lower
than 180°C such as those disclosed in paragraphs [0091]
and [0092] of JP 2007-199653 A can be used. Above all,
propylene glycol monomethyl ether acetate, propylene
glycol monomethyl ether, 2-heptanone, cyclopentanone,
cyclohexanone, and a mixture of two or more thereof are
preferably used. The amount of the organic solvent (B)
contained is preferably 200 to 10,000 parts by mass,
more preferably 300 to 5,000 parts by mass based on 100
parts by mass of the compound (A).

[0130]
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Such a material for forming an organic film can be
applied by spin-coating, and has resistance to heat of
400°C or higher and high filling and planarizing
properties, since the material contains the inventive
compound for forming an organic film described above.
[0131]

Further, the i1nventive material for forming an
organic film may contain an organic solvent in which a
high-boiling-point solvent having a boiling point of
180°C or higher is added to the aforementioned solvent
having a boiling point of lower than 180°C. That is,
the component (B) i1s preferably a mixture of one or more
organic solvents having a boiling point of lower than
180°C and one or more organic solvents having a boiling
point of 180°C or higher. The high-boiling-point
solvent is not particularly limited to hydrocarbons,
alcohols, ketones, esters, ethers, chlorinated solvents,
and so forth as long as the high-boiling-point solvent
is capable of dissolving the compound for forming an
organic film. Specific examples of the high-boiling-
point solvent include l-octanol, 2-ethylhexanol, 1-
nonanol, 1-decanol, 1-undecanol, ethylene glycol, 1,2-
propylene glycol, 1,3-butylene glycol, 2,4-pentanediol,
2-methyl-2,4-pentanediol, 2,5-hexanediol, 2,4-
heptanediol, 2-ethyl-1,3-hexanediol, diethylene glycol,
dipropylene glycol, triethylene glycol, tripropylene
glycol, glycerin, n-nonyl acetate, ethylene glycol
monohexyl ether, ethylene glycol mono-2-ethylhexyl
ether, ethylene glycol monophenyl ether, ethylene glycol
monobenzyl ether, diethylene glycol monoethyl ether,
diethylene glycol monoisopropyl ether, diethylene glycol
mono-n-butyl ether, diethylene glycol monoisobutyl
ether, diethylene glycol monohexyl ether, diethylene
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glycol monophenyl ether, diethylene glycol monobenzyl
ether, diethylene glycol diethyl ether, diethylene
glycol dibutyl ether, diethylene glycol butylmethyl
ether, triethylene glycol dimethyl ether, triethylene
glycol monomethyl ether, triethylene glycol-n-butyl
ether, triethylene glycol butylmethyl ether, triethylene
glycol diacetate, tetraethylene glycol dimethyl ether,
dipropylene glycol monomethyl ether, dipropylene glycol
mono-n-propyl ether, dipropylene glycol mono-n-butyl
ether, tripropylene glycol dimethyl ether, tripropylene
glycol monomethyl ether, tripropylene glycol mono-n-
propyl ether, tripropylene glycol mono-n-butyl ether,
ethylene glycol monoethyl ether acetate, ethylene glycol
monobutyl ether acetate, diethylene glycol monomethyl
ether acetate, diethylene glycol monoethyl ether
acetate, diethylene glycol monobutyl ether acetate,
triacetin, propylene glycol diacetate, dipropylene
glycol monomethyl ether acetate, dipropylene glycol
methyl-n-propyl ether, dipropylene glycol methyl ether
acetate, 1,4-butanediol diacetate, 1,3-butylene glycol
diacetate, 1,6-hexanediol diacetate, triethylene glycol
diacetate, y-butyrolactone, dihexyl malonate, diethyl
succinate, dipropyl succinate, dibutyl succinate,
dihexyl succinate, dimethyl adipate, diethyl adipate,
dibutyl adipate, and the like. One of these or a
mixture thereof may be used.

[0132]

The boiling point of the high-boiling-point solvent
may be appropriately selected according to the
temperature at which the material for forming an organic
film 1s heated. The boiling point of the high-boiling-
point solvent to be contained i1s preferably 180°C to
300°C, more preferably 200°C to 300°C. Such a boiling
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point prevents the evaporation rate at baking (heating)
from becoming excessive, which would otherwise occur If
the boiling point is too low. Thus, sufficient thermal
flowability can be achieved. Meanwhile, with such a
boiling point, the high-boiling-point solvent does not
remain in the film without evaporating after baking due
to the boiling point being too high. Thus, the boiling
point iIn these ranges does not adversely affect the film
physical properties, such as etching resistance.

[0133]

When the high-boiling-point solvent is used, the
contained amount of the high-boiling-point solvent is
preferably 1 to 30 parts by mass based on 100 parts by
mass of the solvent having a boiling point of lower than
180°C. When the contained amount is as described, there
is no risk of sufficient thermal flowability not being
provided at the time of baking due to the contained
amount being too small or risk of the solvent remaining
in the film and causing degradation in film physical
properties, such as etching resistance, due to the
contained amount being too large.

[0134]

With such a material for forming an organic film,
the above-described compound for forming an organic film
is provided with thermal flowability by the addition of
the high-boiling-point solvent, so that the material for
forming an organic film also has high filling and
planarizing properties.

[0135]

In addition, the material for forming an organic
film preferably further contains one or more of (C) an
acid generator, (D) a surfactant, (E) a crosslinking

agent, and (F) a plasticizer. In the following, each
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component will be described in detail.
[0136]

In the inventive material for forming an organic
film, an acid generator (C) can be contained so as to
further promote the curing reaction. The acid generator
(C) includes a material that generates an acid by
thermal decomposition and a material that generates an
acid by light irradiation. Any acid generator can be
contained. Specifically, materials disclosed in
paragraphs [0061] to [0085] of JP 2007-199653 A can be
contained, but the present invention is not limited
thereto.

[0137]

One of the acid generators (C) or a combination of
two or more thereof can be used. When an acid generator
(C) i1s contained, the contained amount i1s preferably
0.05 to 50 parts by mass, more preferably 0.1 to 10
parts by mass based on 100 parts by mass of the compound
(A).

[0138]

In the inventive material for forming an organic
film, a surfactant (D) can be contained for improving
coatability in spin-coating. As the surfactant (D), it
is possible to use, for example, a surfactant disclosed
in paragraphs [0142] to [0147] of JP 2009-269953 A.

When a surfactant (D) i1s contained, the contained amount
is preferably 0.01 to 10 parts by mass, more preferably
0.05 to 5 parts by mass based on 100 parts by mass of
the compound (A).

[0139]

Moreover, iIn the inventive material for forming an
organic film, a crosslinking agent (E) can also be

contained so as to increase the curability and to

64



further suppress intermixing with an upper layer film.
The crosslinking agent (E) i1s not particularly limited,
and known various types of crosslinking agents can be
widely used. Examples thereof include melamine-based
crosslinking agents, glycoluril-based crosslinking
agents, benzoguanamine-based crosslinking agents, urea-
based crosslinking agents, PB-hydroxyalkylamide-based
crosslinking agents, isocyanurate-based crosslinking
agents, aziridine-based crosslinking agents, oxazoline-
based crosslinking agents, and epoxy-based crosslinking
agents.

[0140]

Specific examples of the melamine-based
crosslinking agents include hexamethoxymethylated
melamine, hexabutoxymethylated melamine, alkoxy- and/or
hydroxy-substituted derivatives thereof, and partial
self-condensates thereof.

Specific examples of the glycoluril-based
crosslinking agents include tetramethoxymethylated
glycoluril, tetrabutoxymethylated glycoluril, alkoxy-
and/or hydroxy-substituted derivatives thereof, and
partial self-condensates thereof.

Specific examples of the benzoguanamine-based
crosslinking agents include tetramethoxymethylated
benzoguanamine, tetrabutoxymethylated benzoguanamine,
alkoxy- and/or hydroxy-substituted derivatives thereof,
and partial self-condensates thereof.

Specific examples of the urea-based crosslinking
agents include dimethoxymethylated
dimethoxyethyleneurea, alkoxy- and/or hydroxy-
substituted derivatives thereof, and partial self-
condensates thereof.

Specific examples of the pP-hydroxyalkylamide-based
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crosslinking agents include N,N,N”,N”-tetra(2-
hydroxyethyl)adipic acid amide.

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

Specific examples of the aziridine-based
crosslinking agents include 4,47 -
bis(ethyleneiminocarbonylamino)diphenylmethane and 2,2-
bishydroxymethylbutanol-tris[3-(1-
aziridinyl)propionate].

Specific examples of the oxazoline-based
crosslinking agents include 2,2”-1sopropylidene bis(4-
benzyl-2-oxazoline), 2,2”-i1sopropylidene bis(4-phenyl-2-
oxazoline), 2,2”-methylenebis(4,5-diphenyl-2-oxazoline),
2,2”-methylenebis(4-phenyl-2-oxazoline), 2,27-
methylenebis(4-tert-butyl-2-oxazoline), 2,2”-bis(2-
oxazoline), 1,3-phenylenebis(2-oxazoline), 1,4-
phenylenebis(2-oxazoline), and a 2-isopropenyloxazoline
copolymer.

Specific examples of the epoxy-based crosslinking
agents include diglycidyl ether, ethylene glycol
diglycidyl ether, 1,4-butanediol diglycidyl ether, 1,4-
cyclohexanedimethanol diglycidyl ether, poly(glycidyl
methacrylate), trimethylolethane triglycidyl ether,
trimethylolpropane triglycidyl ether, and
pentaerythritol tetraglycidyl ether.

[0141]

When the crosslinking agent (E) is contained, the
contained amount is preferably 1 to 100 parts by mass,
more preferably 5 to 50 parts by mass based on 100 parts
by mass of the compound (A).

[0142]

Further, in the inventive material for forming an
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organic film, a plasticizer (F) can be contained so as
to further enhance the planarizing and filling
properties. The plasticizer (F) 1s not particularly
limited, and known various types of plasticizers can be
widely used. Examples thereof include low-molecular-
weight compounds, such as phthalic acid esters, adipic
acid esters, phosphoric acid esters, trimellitic acid
esters, and citric acid esters; and polymers such as
polyethers, polyesters, and polyacetal-based polymers
disclosed in JP 2013-253227 A. When the plasticizer (F)
is contained, the contained amount is preferably 1 to
100 parts by mass, more preferably 5 to 30 parts by mass
based on 100 parts by mass of the compound (A).

[0143]

Particularly, like the plasticizer, as an additive
for providing the inventive material for forming an
organic film with filling and planarizing properties, it
is preferable to use, for example, liquid additives
having polyethylene glycol or polypropylene glycol
structures, or thermo-decomposable polymers whose weight
reduction ratio on heating from 30°C to 250°C is 40
mass% or more, the polymers having a weight-average
molecular weight of 300 to 200,000. The thermo-
decomposable polymers preferably contain a repeating
unit having an acetal structure shown by the following
general formula (DP1) or (DPla). When the liquid
additives are contained, the contained amount 1is
preferably 1 to 100 parts by mass, more preferably 5 to
50 parts by mass based on 100 parts by mass of the
compound (A).
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[0144]

O O’Y‘
(DP1)

In the formula, Xi1 represents a hydrogen atom or a
saturated or unsaturated monovalent organic group having
1 to 30 carbon atoms which may be substituted. YVY:
represents a saturated or unsaturated divalent organic
group having 2 to 30 carbon atoms.

[0145]

Ho @ (}/L\ ~Yal__OH

| (DP1a)
In the formula, Xa represents an alkyl group having

1 to 4 carbon atoms. Ya represents a saturated or
unsaturated divalent hydrocarbon group having 4 to 10
carbon atoms and optionally having an ether bond. *“I1”
represents an average repeating unit number of 3 to 500.
[0146]

As described above, the inventive material for
forming an organic fTilm has resistance to heat of 400°C
or higher and high filling and planarizing properties.
Accordingly, the i1nventive material for forming an
organic film is extremely useful for multilayer resist
methods such as a 2-layer resist method, a 3-layer
resist method using a silicon-containing resist middle
layer film or an i1norganic hard mask middle layer film,
and a 4-layer resist method using a silicon-containing
resist middle layer film or an inorganic hard mask
middle layer film and an organic antireflective film.
Furthermore, the inventive material for forming an
organic film does not generate by-products even in film

formation in an inert gas and has excellent filling and
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planarizing properties, and therefore, can also be used
suitably as a planarizing material in semiconductor
device manufacturing processes besides multilayer resist
methods.

[0147]

<Substrate for Manufacturing Semiconductor Device>

Furthermore, the present invention provides a
substrate for manufacturing a semiconductor device,
including a substrate and an organic film formed
thereon, the organic film being a cured product of the
above-described material for forming an organic film.
[0148]

An organic film formed from the inventive material
for forming an organic film has both high filling and
planarizing properties, and thus, does not have fine
vacancies due to insufficient filling or unevenness of
the organic film surface due to insufficient
planarization. A semiconductor device substrate
planarized with such an organic film has a wide process
margin at the time of patterning, and a semiconductor
device can be manufactured with a good yield.

[0149]
<Method for Forming Organic Film>

The present invention provides a method for forming
an organic film to be applied in a process of
manufacturing a semiconductor device, the method
including:

spin-coating a substrate to be processed with the
above-described material for forming an organic film;
and

obtaining an organic film by heating the substrate
to be processed coated with the material for forming an

organic film under an inert gas atmosphere at a
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temperature of 50°C or higher and 600°C or lower for 10
seconds to 7200 seconds (one-stage baking).
[0150]

The present invention also provides a method for
forming an organic film capable of planarizing a surface
of a stepped substrate used in a process of
manufacturing a semiconductor device, the method
including:

spin-coating a substrate to be processed with the
above-described material for forming an organic film;

forming a coating film by heating the substrate to
be processed coated with the material for forming an
organic film in air at a temperature of 50°C or higher
and 300°C or lower for 5 seconds to 600 seconds; and

subsequently obtaining an organic film by heating
under an inert gas atmosphere at a temperature of 200°C
or higher and 600°C or lower for 10 seconds to 7200
seconds (two-stage baking).
[0151]

In this method for forming an organic film,
firstly, the inventive material for forming an organic
film described above is applied onto a substrate to be
processed by spin-coating. By employing a spin-coating
method, a favorable filling property can be achieved.
After spin-coating, baking (heating) is performed to
promote planarization by thermal flow and promote a
crosslinking reaction. Incidentally, the organic
solvent in the material for forming an organic film can
be evaporated by the baking, and therefore, mixing can
be prevented even when a resist upper layer film, a
silicon-containing resist middle layer film, etc. 1is
formed on the organic film.

[0152]
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In the step of forming a film by heating for
forming an organic film (organic underlayer film), one-
stage baking, two-stage baking, or multistage baking of
three or more stages can be adopted, and one-stage
baking or two-stage baking is preferable economically.
[0153]

The film formation by the one-stage baking is
performed under an inert gas atmosphere at a temperature
of 50°C or higher and 600°C or lower for 10 to 7200
seconds, preferably at a temperature of 150°C or higher
and 500°C or lower for 10 to 3600 seconds. By heating
under such conditions, planarization by thermal flow and
a crosslinking reaction can be promoted.

[0154]

Meanwhile, in the film formation by the two-stage
baking, the first baking is performed at a treatment
temperature of 50°C or higher and 300°C or lower in air,
preferably 250°C or lower for 5 to 600 seconds,
considering the influence of corrosion of the substrate
due to the oxygen in the air. The second baking is
performed iIn an inert gas, and the baking temperature 1is
higher than the baking temperature in the first stage.
The second baking i1s performed at a temperature of 200°C
or higher and 600°C or lower, preferably 250°C or higher
and 500°C or lower for 10 to 7200 seconds.

[0155]

In a multilayer resist method, a silicon-containing
resist middle layer film or an inorganic hard mask
middle layer film is formed on the obtained organic film
in some cases. When a silicon-containing resist middle
layer film is to be applied, the organic film is
preferably formed at a higher temperature than the

temperature at which the silicon-containing resist
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middle layer film is formed. Generally, a silicon-
containing resist middle layer film is formed at 100°C
or higher and 400°C or lower, preferably 150°C or higher
and 350°C or lower. When the organic film is formed at
a temperature higher than this temperature, dissolution
of the organic film by the composition for forming a
silicon-containing resist middle layer film can be
prevented, and an organic film that does not mix with
the composition can be formed. When an inorganic hard
mask middle layer film is to be applied, the organic
film 1s preferably formed at a temperature higher than
the temperature at which the i1norganic hard mask middle
layer film is formed. Examples of temperatures at which
the i1norganic hard mask middle layer film can be formed
include temperatures of 150°C or higher and 500°C or
lower.

[0156]

The present invention also provides a method for
forming an organic film to be used in a process of
manufacturing a semiconductor device, the method
including forming an organic film by heating a substrate
to be processed 1In an atmosphere having an oxygen
concentration of 1% or less to prevent corrosion of the
substrate to be processed. That is, the oxygen
concentration under the inert gas atmosphere is
preferably 1% or less.

[0157]

In this method for forming an organic film,
firstly, the inventive material for forming an organic
film described above is applied onto a substrate to be
processed by spin-coating. After the spin-coating, 1In
the two-stage baking, the first baking i1s first

performed in air at 300°C or lower, and then the second
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baking is performed in an atmosphere having an oxygen
concentration of 1% or less. In the one-stage baking,
the first baking in air performed first can be skipped.
Incidentally, examples of the atmosphere during baking
include i1nert gases such as nitrogen, argon, and helium.
The inventive material for forming an organic film makes
it possible to form a sufficiently cured organic film
without generating a sublimation product even when baked
in such an inert gas atmosphere.

[0158]

Furthermore, in the inventive methods for forming
an organic film, a substrate to be processed having a
structure or step having a height of 30 nm or more can
be used as the substrate to be processed. As described
above, the inventive material for forming an organic
film is excellent 1n filling and planarizing properties,
and therefore, a flat organic film can be formed even
when the substrate to be processed has a structure or
step (unevenness) having a height of 30 nm or more.

That i1s, the inventive method for forming an organic
film 1s particularly useful when forming a flat organic
film on such a substrate to be processed.

[0159]

Incidentally, the thickness of the formed organic
film 1s appropriately selected, and is preferably 30 to
20,000 nm, particularly preferably 50 to 15,000 nm.
[0160]

In addition, the above-described method for forming
an organic film is applicable for both a case where an
organic Ffilm for an organic underlayer film is formed
using the inventive material for forming an organic film
and a case where an organic fTilm for a planarizing film

is formed.
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[0161]

<Patterning Process>

[3-Layer Resist Method Using Silicon-Containing Resist
Middle Layer Film]

The present invention provides a patterning process
including:

forming an organic fTilm by using the above-
described material for forming an organic film on a body
to be processed;

forming a silicon-containing resist middle layer
film by using a silicon-containing resist middle layer
film material on the organic film;

forming a resist upper layer film by using a
photoresist composition on the silicon-containing resist
middle layer film;

forming a circuit pattern in the resist upper layer
film;

transferring the pattern to the silicon-containing
resist middle layer film by etching while using the
resist upper layer film having the formed pattern as a
mask;

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

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

[0162]

The body to be processed is preferably a
semiconductor device substrate or the semiconductor
device substrate coated with any of a metal film, a
metal carbide film, a metal oxide film, a metal nitride

film, a metal oxycarbide film, and a metal oxynitride
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film. The body to be processed is not particularly
limited, but more specifically, it Is possible to use
substrates made of Si, «-Si, p-Si, Si0O2, SIN, SiION, W,
TiN, Al, or the like; the substrate coated with the
metal film or the like as a layer to be processed; etc.
[0163]

Examples of the layer to be processed include:
various Low-k films made of Si, SiO2, SiON, SiN, p-Si, o-
Si, W, W-Si, Al, Cu, AI-Si, or the like; and stopper
films thereof. Generally, the layer can be formed to
have a thickness of 50 to 10,000 nm, in particular, 100
to 5,000 nm. Note that when the layer to be processed
is formed, the substrate and the layer to be processed
are formed from different materials.

[0164]

Note that the body to be processed preferably
contains silicon, titanium, tungsten, hafnium,
zirconium, chromium, germanium, copper, silver, gold,
aluminum, indium, gallium, arsenic, palladium, iron,
tantalum, iridium, cobalt, manganese, molybdenum, or an
alloy thereof.

[0165]

Furthermore, as the body to be processed, a body to
be processed having a structure or step with a height of
30 nm or more is preferably used.

[0166]

When an organic film is formed on a body to be
processed by using the inventive material for forming an
organic film, the inventive method for forming an
organic Ffilm described above can be applied.

[0167]
Next, a resist middle layer film (silicon-

containing resist middle layer film) is formed on the
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organic film by using a resist middle layer film
material containing silicon atoms. As the silicon-
containing resist middle layer film material, a
polysiloxane-based middle layer film material is
preferable. By providing the silicon-containing resist
middle layer film with an antireflective effect,
reflection can be suppressed. Particularly, for 193-nm
light exposure, a material containing many aromatic
groups and having high etching selectivity to a
substrate is used as a material for forming an organic
film, so that the k-value and thus the substrate
reflection are increased. However, the reflection can
be suppressed by providing the silicon-containing resist
middle layer film with absorption to achieve an
appropriate k-value. Thus, the substrate reflection can
be reduced to 0.5% or less. As the silicon-containing
resist middle layer film having the antireflective
effect, a polysiloxane is preferably used, the
polysiloxane having anthracene for 248-nm and 157-nm
light exposure, or a phenyl group or a light-absorbing
group having a silicon-silicon bond for 193-nm light
exposure In a pendant structure or in the polysiloxane
structure, and being crosslinked by an acid or heat.
[0168]

Next, a resist upper layer film is formed on the
silicon-containing resist middle layer film by using a
resist upper layer film material containing a
photoresist composition. The resist upper layer film
material may be a positive type or a negative type, and
any generally-used photoresist composition can be
employed. After the spin-coating with the resist upper
layer film material, 1t i1s preferable to perform pre-
baking at 60 to 180°C for 10 to 300 seconds. Then,
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light exposure, post-exposure baking (PEB), and
development are performed according to conventional
methods to obtain the resist upper layer film pattern.
Note that the thickness of the resist upper layer film
is not particularly limited, but is preferably 30 to 500
nm, and particularly preferably 50 to 400 nm.

[0169]

Next, a circuit pattern (resist upper layer fTilm
pattern) is formed in the resist upper layer film. The
circuit pattern is preferably formed by a lithography
using light with a wavelength of 10 nm or more to 300 nm
or less, a direct drawing with electron beam,
nanoimprinting, or a combination thereof.

[0170]

Note that the exposure light includes high energy
beam with a wavelength of 300 nm or less; specifically,
deep ultraviolet ray, KrF excimer laser beam (248 nm),
ArF excimer laser beam (193 nm), F> laser beam (157 nm),
Kr> laser beam (146 nm), Ar> laser beam (126 nm), soft X-
ray (EUV) with a wavelength of 3 to 20 nm, electron beam
(EB), 1on beam, X-ray, and the like.

[0171]

Additionally, in forming the circuit pattern, the
circuit pattern is preferably developed by alkaline
development or development with an organic solvent.
[0172]

Next, the pattern is transferred to the silicon-
containing resist middle layer film by etching while
using the resist upper layer film having the formed
circuit pattern as a mask. The etching of the silicon-
containing resist middle layer film performed while
using the resist upper layer film pattern as a mask is

preferably performed using a fluorocarbon-based gas.
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Thereby, a silicon-containing resist middle layer film
pattern is formed.
[0173]

Next, the pattern is transferred to the organic
film by etching while using the silicon-containing
resist middle layer film having the transferred pattern
as a mask. Since the silicon-containing resist middle
layer film exhibits higher etching resistance to an
oxygen gas or a hydrogen gas than an organic film, the
etching of the organic film performed while using the
silicon-containing resist middle layer film pattern as a
mask i1s preferably performed using an etching gas mainly
containing an oxygen gas or a hydrogen gas. Thereby, an
organic film pattern can be formed.

[0174]

Next, the pattern is transferred to the substrate
to be processed by etching while using the organic film
having the transferred pattern as a mask. The
subsequent etching of the substrate to be processed
(layer to be processed) can be performed according to a
conventional method. For example, the substrate to be
processed made of SiOz, SiIN, or silica-based low-
dielectric insulating film 1s etched mainly with a
fluorocarbon-based gas. The substrate to be processed
made of p-Si, Al, or W is etched mainly with a chlorine-
or bromine-based gas. When the substrate i1s processed
by etching with a fluorocarbon-based gas, the silicon-
containing resist middle layer film pattern is removed
together with the substrate processing. Meanwhile, when
the substrate is processed by etching with a chlorine-
or bromine-based gas, the silicon-containing resist
middle layer film pattern needs to be removed by

additional dry etching with a fluorocarbon-based gas
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after the substrate processing.
[0175]

The organic film obtained using the inventive
material for forming an organic film can exhibit
excellent etching resistance when the substrate to be
processed is etched as described above.

[0176]
[4-Layer Resist Method using Silicon-Containing Resist
Middle Layer Film and Organic Antireflective Coating]

The present invention also provides a patterning
process including:

forming an organic film by using the above-
described material for forming an organic film on a body
to be processed;

forming a silicon-containing resist middle layer
film by using a silicon-containing resist middle layer
film material on the organic film;

forming an organic antireflective coating on the
silicon-containing resist middle layer film;

forming a resist upper layer film by using a
photoresist composition on the organic antireflective
coating, so that a 4-layered film structure is
constructed;

forming a circuit pattern in the resist upper layer
film;

transferring the pattern to the organic
antireflective coating and the silicon-containing resist
middle layer film by etching while using the resist
upper layer film having the formed pattern as a mask;

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

further transferring the pattern to the body to be
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processed by etching while using the organic film having
the transferred pattern as a mask.
[0177]

Note that this method can be performed in the same
manner as the above-described 3-layer resist method
using the silicon-containing resist middle layer film,
except that the organic antireflective coating (BARC) 1is
formed between the silicon-containing resist middle
layer film and the resist upper layer film.

[0178]

The organic antireflective coating can be formed by
spin-coating using a known organic antireflective
coating material.

[0179]
[3-Layer Resist Method using Inorganic Hard Mask Middle
Layer Film]

The present invention also provides a patterning
process including:

forming an organic film by using the above-
described material for forming an organic film on a body
to be processed;

forming an i1norganic hard mask middle layer film
selected from a silicon oxide film, a silicon nitride
film, a silicon oxynitride film, a titanium oxide film,
and a titanium nitride film on the organic film;

forming a resist upper layer film by using a
photoresist composition on the i1norganic hard mask
middle layer film;

forming a circuit pattern in the resist upper layer
Tilm;

transferring the pattern to the inorganic hard mask
middle layer film by etching while using the resist

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

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

[0180]

Note that this method can be performed in the same
manner as the above-described 3-layer resist method
using the silicon-containing resist middle layer film,
except that the inorganic hard mask middle layer film is
formed i1in place of the silicon-containing resist middle
layer film on the organic film.

[0181]

The i1norganic hard mask middle layer film selected
from a silicon oxide film, a silicon nitride film, a
silicon oxynitride film (SiON film), a titanium oxide
film, and a titanium nitride film can be formed by a CVD
method, an ALD method, or the like. That is, the
inorganic hard mask middle layer film is preferably
formed by a CVD method or an ALD method. The method for
forming the silicon nitride film i1s disclosed i1n, for
example, JP 2002-334869 A, WO 20047066377 Al, and so
forth. The film thickness of the inorganic hard mask
middle layer film is preferably 5 to 200 nm, more
preferably 10 to 100 nm. As the i1norganic hard mask
middle layer film, a SiON film is most preferably used,
being effective as an antireflective coating. When the
SiON film i1s formed, the substrate temperature reaches
300 to 500°C. Hence, the organic film needs to
withstand the temperature of 300 to 500°C. Since the
organic film formed using the inventive material for

forming an organic film has high heat resistance and can
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withstand high temperatures of 300°C to 500°C, this
enables the combination of the Inorganic hard mask
middle layer film formed by a CVD method or an ALD
method with the organic film formed by a spin-coating
method.
[0182]
[4-Layer Resist Method using Inorganic Hard Mask Middle
Layer Film and Organic Antireflective Coating]

The present invention also provides a patterning
process including:

forming an organic film by using the above-
described material for forming an organic film on a body
to be processed;

forming an inorganic hard mask middle layer film
selected from a silicon oxide film, a silicon nitride
film, a silicon oxynitride film, a titanium oxide film,
and a titanium nitride film on the organic film;

forming an organic antireflective coating on the
inorganic hard mask middle layer film;

forming a resist upper layer film by using a
photoresist composition on the organic antireflective
coating, so that a 4-layered film structure is
constructed;

forming a circuit pattern in the resist upper layer
film;

transferring the pattern to the organic
antireflective coating and the inorganic hard mask
middle layer film by etching while using the resist
upper layer film having the formed pattern as a mask;

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

further transferring the pattern to the body to be
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processed by etching while using the organic film having
the transferred pattern as a mask.
[0183]

Note that this method can be performed in the same
manner as the above-described 3-layer resist method
using the inorganic hard mask middle layer film, except
that the organic antireflective coating (BARC) is formed
between the inorganic hard mask middle layer film and
the resist upper layer film.

[0184]

Particularly, when the SiON film is used as the
inorganic hard mask middle layer film, two layers of
antireflective coating including the SiON film and the
BARC make it possible to suppress the reflection even in
liquid immersion exposure at a high NA exceeding 1.0.
Another merit of the BARC formation is having an effect
of reducing footing of the resist upper layer film
pattern immediately above the SiON film.

[0185]

Herein, FIG. 2 (A) to (F) show an example of the
inventive patterning process according to the 3-layer
resist method. 1In the 3-layer resist method, as shown
in FIG. 2 (A), an organic Tilm 3 is formed by using the
inventive material for forming an organic film on a
layer 2 to be processed formed on a substrate 1. Then,
a silicon-containing resist middle layer film 4 1is
formed, and a resist upper layer film 5 i1s formed
thereon. Subsequently, as shown in FIG. 2 (B), an
exposed portion 6 of the resist upper layer film 5 is
exposed to light, followed by PEB (post-exposure bake).
Thereafter, as shown in FIG. 2 (C), a resist upper layer
film pattern 5a 1s formed by development. After that,

as shown in FIG. 2 (D), the silicon-containing resist
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middle layer film is processed by dry-etching using a
fluorocarbon-based gas while using the resist upper
layer film pattern 5a as a mask. Thereby, a silicon-
containing resist middle layer film pattern 4a is
formed. Then, as shown in FIG. 2 (E), after the resist
upper layer film pattern is removed, the organic film is
etched with oxygen plasma while using the silicon-
containing resist middle layer film pattern 4a as a
mask. Thereby, an organic film pattern 3a is formed.
Further, as shown in FIG. 2 (F), after the silicon-
containing resist middle layer film pattern is removed,
the layer to be processed is processed by etching while
using the organic film pattern 3a as a mask. Thus, a
pattern 2a is formed.

[0186]

In the case where an 1norganic hard mask middle
layer film is formed, the silicon-containing resist
middle layer film 4 may be replaced with the inorganic
hard mask middle layer film. In the case where a BARC
is formed, the BARC may be formed between the silicon-
containing resist middle layer film 4 and the resist
upper layer film 5. The BARC may be etched continuously
and before the etching of the silicon-containing resist
middle layer film 4. Alternatively, after the BARC is
etched alone, the silicon-containing resist middle layer
film 4 may be etched, for example, after an etching
apparatus is changed.

[0187]

As described above, the inventive patterning
processes make it possible to precisely form a fine
pattern In a substrate to be processed by the multilayer
resist methods.
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EXAMPLES
[0188]

Hereinafter, the present invention will be more
specifically described with reference to Synthesis
Examples, Comparative Synthesis Examples, Examples, and
Comparative Examples. However, the present invention 1is
not limited thereto. Note that, with respect to
molecular weight and dispersity, weight-average
molecular weight (Mw) and number-average molecular
weight (Mn) were measured by gel permeation
chromatography (GPC) using tetrahydrofuran as an eluent
in terms of polystyrene, and dispersity (Mw/Mn) was
calculated therefrom.

[0189]

Synthesis Examples: Synthesis of Aromatic Carboxylic

Anhydrides

For the synthesis of aromatic carboxylic anhydrides
(B1) to (B5), the phenolic compounds (al) to (a5) and

phthalonitrile compounds (bl) and (b2) shown below were

used.
[0190]
[Phenols]
F
.
7 7 f I I
OH OH ﬂlii
OH
OH OH
(a1) (a2) (a3) (a4) (ab)
[0191]
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[Phthalonitriles]

/@:CN Ft i :CN
F CN F CN

(b1) (b2)

[0192]
[Synthesis Example 1] Synthesis of Aromatic Carboxylic
Anhydride (Bl)
[0193]

Synthesis of Aromatic Carboxylic Anhydride (Bl):
Synthesis of Intermediate (B1l-1)

o
O CN
(B1-1)

To 20.0 g (166 mmol) of the compound (al) and 25.3
g (183 mmol) of potassium carbonate, 100 g of N-

X

methylpyrrolidone (NMP) was added to form, under a
nitrogen atmosphere, a dispersion at an inner
temperature of 70°C. Then, 92.4 g (equivalent to 158
mmol of bl) of a 25 mass% solution of the compound (bl)
in NMP was slowly added dropwise thereto. After that,
the reaction was allowed to proceed at an inner
temperature of 80°C for 5 hours. The obtained reaction
solution was cooled to room temperature, and then 300 ml
of diisopropyl ether and 200 g of pure water were added
thereto to dissolve the precipitated salt. After
leaving to stand, the separated aqueous layer was
removed to collect the organic layer, the organic layer

was washed once with 100 g of a 1% aqueous solution of
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sodium hydroxide and four times with 100 ml of pure
water, and the organic layer was evaporated under
reduced pressure to dryness to obtain 33.5 g of (Bl-1).
[0194]

Synthesis of Aromatic Carboxylic Anhydride (Bl):
Synthesis of Intermediate (B1-2)

O COOH
(B1-2)
To 33.0 g (134 mmol) of (B1-1) and 26.5 g

(equivalent to 402 mmol of KOH) of KOH (product having
water content of 15%), 100 g of ultrapure water and 100

X

g of ethanol were added, and, under a nitrogen
atmosphere, the reaction was allowed to proceed at an
inner temperature of 80°C for 30 hours. The obtained
reaction solution was cooled to room temperature, and
then added dropwise to 176 g of a 10% aqueous
hydrochloric acid. Then, extraction was performed with
500 ml of ethyl acetate. The organic layer was
collected and further washed four times with 100 ml of
pure water, and then the organic layer was evaporated
under reduced pressure to dryness. To the residue, 100
g of THF was added to form a homogeneous solution, and
then a crystal was precipitated with 500 g of hexane.
The precipitated crystal was separated by filtration,
washed twice with 100 ml of hexane, and collected. The
collected crystal was vacuum dried at 70°C to obtain
29.2 g of (B1-2).
[0195]

Synthesis of Aromatic Carboxylic Anhydride (B1)
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0
0
0
0
(B1)

To 27.0 g (94.5 mmol) of (B1-2), 100 g of acetic
anhydride was added, and, under a nitrogen atmosphere,
the reaction was allowed to proceed at an inner
temperature of 100°C for 4 hours. The obtained reaction
solution was cooled to room temperature, then 300 g of
xylene was added thereto, and the acetic acid and acetic
anhydride generated in the reaction were distilled off.
To the distilled residue, 50 g of THF was added to form
a homogeneous solution, and then, while stirring, 300 g
of hexane was added thereto to precipitate a crystal.
The precipitated crystal was separated by filtration,
washed three times with 200 ml of hexane, and collected.
The collected crystal was vacuum dried at 70°C to obtain
23.6 g of (Bl).

[0196]

[Synthesis Example 2] Synthesis of Aromatic Carboxylic
Anhydride (B2)

[0197]

Synthesis of Aromatic Carboxylic Anhydride (B2):
Synthesis of Intermediate (B2-1)
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To 20.0 g (166 mmol) of the compound (a2) and 25.3
g (183 mmol) of potassium carbonate, 100 g of N-
methylpyrrolidone (NMP) was added to form, under a
nitrogen atmosphere, a dispersion at an inner
temperature of 70°C. Then, 52.0 g (equivalent to 79.3
mmol of b2) of a 25 mass% solution of the compound (b2)
in NMP was slowly added dropwise thereto. After that,
the reaction was allowed to proceed at an inner
temperature of 120°C for 5 hours. The obtained reaction
solution was cooled to room temperature, and then 300 ml
of diisopropyl ether and 200 g of pure water were added
thereto to dissolve the precipitated salt. After
leaving to stand, the separated aqueous layer was
removed to collect the organic layer, the organic layer
was washed once with 100 g of a 1% aqueous solution of
sodium hydroxide and four times with 100 ml of pure
water, and the organic layer was evaporated under
reduced pressure to dryness to obtain 25.7 g of (B2-1).
[0198]

Synthesis of Aromatic Carboxylic Anhydride (B2):
Synthesis of Intermediate (B2-2)

=

4¢\I::j\0:1::I:COOH
O COOH

(B2-2)

To 25.0 g (134 mmol) of (B2-1) and 13.6 g
(equivalent to 205 mmol of KOH) of KOH (product having
water content of 15%), 100 g of ultrapure water and 100

g of ethanol were added, and, under a nitrogen

atmosphere, the reaction was allowed to proceed at an
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inner temperature of 80°C for 24 hours. The obtained
reaction solution was cooled to room temperature, and
then added dropwise to 90 g of a 10% aqueous
hydrochloric acid. Then, extraction was performed with
400 ml of ethyl acetate. The organic layer was
collected and further washed four times with 100 ml of
pure water, and then the organic layer was evaporated
under reduced pressure to dryness. To the residue, 100
g of THF was added to form a homogeneous solution, and
then, while stirring, 400 g of hexane was added thereto
to precipitate a crystal. The precipitated crystal was
separated by filtration, washed twice with 100 ml of
hexane, and collected. The collected crystal was vacuum
dried at 70°C to obtain 22.6 g of (B2-2).
[0199]

Synthesis of Aromatic Carboxylic Anhydride (B2)

=
0
X
@)
@)
O

(B2)

To 22.0 g (54.7 mmol) of (B2-2), 60 g of acetic
anhydride was added, and, under a nitrogen atmosphere,
the reaction was allowed to proceed at an inner
temperature of 100°C for 4 hours. The obtained reaction
solution was cooled to room temperature, then 250 g of
xylene was added thereto, and the acetic acid and acetic
anhydride generated in the reaction were distilled off.
To the distilled residue, 40 g of THF was added to form

a homogeneous solution, and then, while stirring, 300 g
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of hexane was added thereto to precipitate a crystal.
The precipitated crystal was separated by filtration,
washed three times with 100 ml of hexane, and collected.
The collected crystal was vacuum dried at 70°C to obtain
19.7 g of (B2).
[0200]
[Synthesis Example 3] Synthesis of Aromatic Carboxylic
Anhydride (B3)
[0201]

Synthesis of Aromatic Carboxylic Anhydride (B3):
Synthesis of Intermediate (B3-1)

/©\ /@CN
= 0 CN

(B3-1)

To 20.0 g (169 mmol) of the compound (a3) and 25.3
g (183 mmol) of potassium carbonate, 100 g of N-
methylpyrrolidone (NMP) was added to form, under a
nitrogen atmosphere, a dispersion at an inner
temperature of 70°C. Then, 94.0 g (equivalent to 160.8
mmol of bl) of a 25 mass% solution of the compound (bl)
in NMP was slowly added dropwise thereto. After that,
the reaction was allowed to proceed at an inner
temperature of 80°C for 5 hours. The obtained reaction
solution was cooled to room temperature, and then 400 ml
of diisopropyl ether and 200 g of pure water were added
thereto to dissolve the precipitated salt. After
leaving to stand, the separated aqueous layer was
removed to collect the organic layer, the organic layer
was washed once with 100 g of a 1% aqueous solution of
sodium hydroxide and four times with 100 ml of pure
water, and the organic layer was evaporated under
reduced pressure to dryness to obtain 35.0 g of (B3-1).
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[0202]
Synthesis of Aromatic Carboxylic Anhydride (B3):
Synthesis of Intermediate (B3-2)

/@COOH

@) COOH

(B3-2)

To 34.0 g (139 mmol) of (B3-1) and 27.6 g

(equivalent to 418 mmol of KOH) of KOH (product having
water content of 15%), 100 g of ultrapure water and 100

=

g of ethanol were added, and, under a nitrogen
atmosphere, the reaction was allowed to proceed at an
inner temperature of 80°C for 24 hours. The obtained
reaction solution was cooled to room temperature, and
then added dropwise to 183 g of a 10% aqueous
hydrochloric acid. Then, extraction was performed with
400 ml of ethyl acetate. The organic layer was
collected and further washed four times with 100 ml of
pure water, and then the organic layer was evaporated
under reduced pressure to dryness. To the residue, 100
g of THF was added to form a homogeneous solution, and
then, while stirring, 400 g of hexane was added thereto
to precipitate a crystal. The precipitated crystal was
separated by filtration, washed twice with 100 ml of
hexane, and collected. The collected crystal was vacuum
dried at 70°C to obtain 29.3 g of (B3-2).
[0203]

Synthesis of Aromatic Carboxylic Anhydride (B3)
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To 29.0 g (103 mmol) of (B3-2), 105 g of acetic
anhydride was added, and, under a nitrogen atmosphere,
the reaction was allowed to proceed at an inner
temperature of 100°C for 4 hours. The obtained reaction
solution was cooled to room temperature, then 250 g of
xylene was added thereto, and the acetic acid and acetic
anhydride generated in the reaction were distilled off.
To the distilled residue, 50 g of THF was added to form
a homogeneous solution, and then, while stirring, 300 g
of hexane was added thereto to precipitate a crystal.
The precipitated crystal was separated by filtration,
washed three times with 100 ml of hexane, and collected.
The collected crystal was vacuum dried at 70°C to obtain
26.7 g of (B3).

[0204]

[Synthesis Example 4] Synthesis of Aromatic Carboxylic
Anhydride (B4)

[0205]

Synthesis of Aromatic Carboxylic Anhydride (B4):
Synthesis of Intermediate (B4-1)

Hs;C
o
(0] CN
(B4—1)

X

To 20.0 g (151 mmol) of the compound (a4) and 23.0
g (167 mmol) of potassium carbonate, 100 g of N-
methylpyrrolidone (NMP) was added to form, under a
nitrogen atmosphere, a dispersion at an inner
temperature of 70°C. Then, 84.0 g (equivalent to 143.8
mmol of bl) of a 25 mass% solution of the compound (bl)
in NMP was slowly added dropwise thereto. After that,
the reaction was allowed to proceed at an inner

temperature of 80°C for 5 hours. The obtained reaction
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solution was cooled to room temperature, and then 400 ml
of diisopropyl ether and 200 g of pure water were added
thereto to dissolve the precipitated salt. After
leaving to stand, the separated aqueous layer was
removed to collect the organic layer, the organic layer
was washed once with 100 g of a 1% aqueous solution of
sodium hydroxide and four times with 100 ml of pure
water, and the organic layer was evaporated under
reduced pressure to dryness to obtain 34.5 g of (B4-1).
[0206]

Synthesis of Aromatic Carboxylic Anhydride (B4):
Synthesis of Intermediate (B4-2)

\Q COOH
O/@COOH

(B4-2)

To 34.0 g (132 mmol) of (B4-1) and 26.1 g
(equivalent to 395 mmol of KOH) of KOH (product having
water content of 15%), 100 g of ultrapure water and 100
g of ethanol were added, and, under a nitrogen
atmosphere, the reaction was allowed to proceed at an
inner temperature of 80°C for 31 hours. The obtained
reaction solution was cooled to room temperature, and
then added dropwise to 183 g of a 10% aqueous
hydrochloric acid. Then, extraction was performed with
400 ml of ethyl acetate. The organic layer was
collected and further washed four times with 100 ml of
pure water, and then the organic layer was evaporated
under reduced pressure to dryness. To the residue, 100
g of THF was added to form a homogeneous solution, and
then, while stirring, 400 g of hexane was added thereto
to precipitate a crystal. The precipitated crystal was
separated by filtration, washed twice with 100 ml of
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hexane, and collected. The collected crystal was vacuum
dried at 70°C to obtain 27.3 g of (B4-2).
[0207]

Synthesis of Aromatic Carboxylic Anhydride (B4)

\Q P
Crp
@)

o)

(B4)

To 27.0 g (91.1 mmol) of (B4-2), 95 g of acetic
anhydride was added, and, under a nitrogen atmosphere,
the reaction was allowed to proceed at an inner
temperature of 100°C for 4 hours. The obtained reaction
solution was cooled to room temperature, then 250 g of
xylene was added thereto, and the acetic acid and acetic
anhydride generated in the reaction were distilled off.
To the distilled residue, 50 g of THF was added to form
a homogeneous solution, and then, while stirring, 300 g
of hexane was added thereto to precipitate a crystal.
The precipitated crystal was separated by filtration,
washed three times with 100 ml of hexane, and collected.
The collected crystal was vacuum dried at 70°C to obtain
23.1 g of (B4).

[0208]
[Synthesis Example 5] Synthesis of Aromatic Carboxylic
Anhydride (B5)
[0209]

Synthesis of Aromatic Carboxylic Anhydride (B5):
Synthesis of Intermediate (B5-1)
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e
X CN
L,

(B5-1)

To 20.0 g (94.2 mmol) of the compound (a5) and 13.1
g (104 mmol) of potassium carbonate, 100 g of N-
methylpyrrolidone (NMP) was added to form, under a
nitrogen atmosphere, a dispersion at an inner
temperature of 70°C. Then, 52.3 g (equivalent to 89.5
mmol of bl) of a 25 mass% solution of the compound (bl)
in NMP was slowly added dropwise thereto. After that,
the reaction was allowed to proceed at an inner
temperature of 80°C for 5 hours. The obtained reaction
solution was cooled to room temperature, and then 400 ml
of diisopropyl ether and 200 g of pure water were added
thereto to dissolve the precipitated salt. After
leaving to stand, the separated aqueous layer was
removed to collect the organic layer, the organic layer
was washed once with 100 g of a 1% aqueous solution of
sodium hydroxide and four times with 100 ml of pure
water, and the organic layer was evaporated under
reduced pressure to dryness to obtain 28.5 g of (B5-1).
[0210]

Synthesis of Aromatic Carboxylic Anhydride (B5):
Synthesis of Intermediate (B5-2)

g
b SN
(@) COOH
(B5-2)
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To 28.0 g (82.7 mmol) of (B5-1) and 16.4 g
(equivalent to 248 mmol of KOH) of KOH (product having
water content of 15%), 100 g of ultrapure water and 100
g of ethanol were added, and, under a nitrogen
atmosphere, the reaction was allowed to proceed at an
inner temperature of 80°C for 31 hours. The obtained
reaction solution was cooled to room temperature, and
then added dropwise to 183 g of a 10% aqueous
hydrochloric acid. Then, extraction was performed with
300 ml of ethyl acetate. The organic layer was
collected and further washed four times with 100 ml of
pure water, and then the organic layer was evaporated
under reduced pressure to dryness. To the residue, 80 g
of THF was added to form a homogeneous solution, and
then, while stirring, 400 g of hexane was added thereto
to precipitate a crystal. The precipitated crystal was
separated by filtration, washed twice with 100 ml of
hexane, and collected. The collected crystal was vacuum
dried at 70°C to obtain 25.3 g of (B5-2).

[0211]
Synthesis of Aromatic Carboxylic Anhydride (B5)

)
@)
A
(] 0
(@)

@)

(B5)

To 25.0 g (66.4 mmol) of (B5-2), 70 g of acetic
anhydride was added, and, under a nitrogen atmosphere,
the reaction was allowed to proceed at an inner
temperature of 100°C for 4 hours. The obtained reaction
solution was cooled to room temperature, then 250 g of

xylene was added thereto, and the acetic acid and acetic
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anhydride generated in the reaction were distilled off.
To the distilled residue, 50 g of THF was added to form
a homogeneous solution, and then, while stirring, 300 g
of hexane was added thereto to precipitate a crystal.
The precipitated crystal was separated by filtration,
washed three times with 100 ml of hexane, and collected.
The collected crystal was vacuum dried at 70°C to obtain
22.1 g of (B5).

[0212]

Synthesis Examples: Synthesis of Compounds for Forming

Organic Film
For the synthesis of compounds (Al) to (A22) for

forming an organic film, the aromatic carboxylic
anhydrides ((B1) to (B5)) shown in the above Synthesis
Examples and amine compound group ((C1) to (C1l3)) shown
below were used. For (C8), a 60/40 mixture of isomers

was used.
[0213]
Aromatic Carboxylic Anhydrides:
=z
X o o)
o e Q0
° oy 7
o o)
o]
o]
(B1) (B2) (B3)

s

0

;ﬁoglo
(D
4

(D

o

;ioglo

[0214]
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Amine Compound Groups:

NH, NH,
L
G0

3 (C2) (C3)

CF4 FsC CH, CH
HZ“GOOOOW NH2 . . . N
CHs CHs

(C4) (C5)

CHs CFs
oL Do Do
CHs CF,

(Ce) (C7)

O O O
602 - 40 Q.O

(C8) (C9)

HO OH

0 NH, HoN NH; O O

o
HN w, e ) Q'O

(C10) (c1) (C12)
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[0215]
HoN ‘ O NH>
NH3 . NH,

(C13)

[0216]
[Synthesis Example 6] Synthesis of Compound (Al) for
Forming Organic Film

To 5.33 g (20.0 mmol) of the aromatic carboxylic
anhydride (B1) and 2.00 g (10.0 mmol) of the amine
compound (Cl1), 50 g of NMP (N-methyl-2-pyrrolidone) was
added, and, under a nitrogen atmosphere, the reaction
was allowed to proceed at an inner temperature of 40°C
for 3 hours to obtain an amic acid solution. To the
obtained amic acid solution, 0.79 g (10.0 mmol) of
pyridine was added, 3.07 g (30.0 mmol) of acetic
anhydride was further added dropwise slowly thereto, and
then the reaction was allowed to proceed at an inner
temperature of 60°C for 4 hours to perform imidization.
After completion of the reaction, the product was cooled
to room temperature, and 100 g of methyl i1sobutyl ketone
was added thereto. The organic layer was washed with
100 g of a 3% aqueous solution of nitric acid, then
further washed five times with 100 g of pure water, and
was evaporated under reduced pressure to dryness. To
the residue, 30 g of THF (tetrahydrofuran) was added to
form a homogeneous solution, and then a crystal was
precipitated with 150 g of methanol. The precipitated
crystal was separated by filtration, washed twice with
100 g of methanol, and collected. The collected crystal
was vacuum dried at 70°C to obtain (Al).
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When the weight-average molecular weight (Mw) and
dispersity (Mw/Mn) were measured by GPC, the following
results were obtained.

(A1): Mw=700, Mw/Mn=1.01
[0217]
[Synthesis Examples 7 to 27] Synthesis of Compounds (A2)
to (A22) for Forming Organic Film

The compounds (A2) to (A22) for forming an organic
film as shown in Tables 1 and 2 were obtained as
products under the same reaction conditions as in
Synthesis Example 6, except that the aromatic carboxylic
anhydrides and amine compounds shown in Tables 1 and 2
were used. The compound (Al) for forming an organic

film 1s also shown.
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[0218]

[Table 1]
Synthesis Aromatic carboxylic Amine compound Product
Example anhydride
6 S?éég Z?éég Al
7 S?Ség Z?éég A2
8 7?§ég 3?%29 A3
° S?g;g 3?%29 Al
10 S?Eég 3?iég AS
11 7?i;g 3?iég AB
12 7?§ég 4?gég AT
13 S?E;g 4?gég A8
14 7?i;g B?Eég A9
15 S?Eég 4??ig A10
16 52:1.92¢ 4119 ALL
17 7?i;g S?Zég Al2
18 S?Eég 5?§ég AlL3
19 5?2;9 5?§ég Ala
20 7?§ég S?gég ALS
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[0219]

[Table 2]
Synthesis Aromatic
Y carboxylic Amine compound| Product
Example -
anhydride

B3: C9:

21 5.28¢ 5.33g Al6
B1l: C10:

22 5.33g 1.44g AL7
B3: C10:

23 5.28¢ 1.44g Al8
B2: Cl1i:

24 7.69g 1.07g AL9
B3: Cl1i:

25 5.28¢ 1.07g A20
B3: Cl2:

26 5_.28g 3.80g A2l
B3: C13:

27 5.28g 1.89g A22

[0220]

For the synthesis of compounds (R1) to (R5) for
forming an organic film, the compounds (D1) to (D8),
which are materials for synthesis for Comparative
Synthesis Examples, shown below were used.

[0221]

Materials for Synthesis for Comparative Synthesis

Examples:
HO._~, P JB);L ‘3\ o
YoM ¢ A T
L\H\/l < L/ L_« J\.DH ¢ Q\\I \7 0};’ SN oﬁ
8% - °
= ==/
{D1) {D2} ©3) (04)
= OT’] | |p“‘ O O NH;. o~ NH; Q»L ) '}?
J“ %/V g \[V/J\NHa Ha""Lj \E;/jxﬂ\”r \[L“’/J\NW %/EXE;/ O‘r};-'l*vl P lw‘l*;;:o
—“::/\w & 6 .}_{:X. o
e P! ‘._h__ __\,."

(D8) (D6) (D7) (D)

[0222]
[Comparative Synthesis Example 1] Synthesis of Compound
(R1) for Forming Organic Film
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A homogeneous dispersion of 10.00 g of the compound
(D1), 4.76 g of potassium carbonate, and 50 g of N-
methyl-2-pyrrolidone was formed under a nitrogen
atmosphere at an inner temperature of 50°C. 3.72 g of
propargyl bromide was slowly added dropwise thereto, and
the reaction was allowed to proceed at an inner
temperature of 50°C for 16 hours. After cooling to room
temperature, 100 g of methyl isobutyl ketone and 50 g of
pure water was added thereto to form a homogeneous
solution, and then the aqueous layer was removed.
Furthermore, the organic layer was washed twice with 30
g of a 3.0% aqueous solution of nitric acid and five
times with 30 g of pure water, and the organic layer was
evaporated under reduced pressure to dryness. To the
residue, 30 g of THF was added, and a crystal was
precipitated with 100 g of methanol. The precipitated
crystal was separated by filtration, washed twice with
60 g of methanol, and collected. The collected crystal
was vacuum dried at 70°C to obtain (R1l).

When the weight-average molecular weight (Mw) and
dispersity (Mw/Mn) were measured by GPC, the following
results were obtained.

Qi)

(@)

'W O‘ J'
98 "
(R1): Mw=960, Mw/Mn=1.07

[0223]

[Comparative Synthesis Example 2] Synthesis of Compound
(R2) for Forming Organic Film
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To 10.65 g of the compound (D5) and 9.93 g of the
compound (D2), 120 g of NMP was added, and, under a
nitrogen atmosphere, the reaction was allowed to proceed
at an inner temperature of 40°C for 3 hours to obtain an
amic acid solution. After cooling to room temperature,
200 g of methyl isobutyl ketone and 100 g of pure water
were added thereto, the mixture was homogenized, and
then the aqueous layer was removed. Furthermore, the
organic layer was washed with 100 g of a 3.0% aqueous
solution of nitric acid, washed five times with 100 g of
pure water, and evaporated under reduced pressure to
dryness. To the residues, 60 g of THF was added, and a
crystal was precipitated with 300 g of hexane. The
precipitated crystal was separated by filtration, washed
twice with 200 g of hexane, and collected. The
collected crystal was vacuum dried at 70°C to obtain
(R2).

When the weight-average molecular weight (Mw) and
dispersity (Mw/Mn) were measured by GPC, the following

results were obtained.

(@] (@]
POROUSROW,
N N
e » A

COOH OD HOOC

/) A\

(R2): Mw=1,100, Mw/Mn=1.03
[0224]
[Comparative Synthesis Example 3] Synthesis of Compound
(R3) for Forming Organic Film

To 6.89 g of the compound (D3) and 8.21 g of the
compound (D6), 100 g of NMP (N-methyl-2-pyrrolidone) was
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added, and, under a nitrogen atmosphere, the reaction
was allowed to proceed at an inner temperature of 40°C
for 3 hours to obtain an amic acid solution. To the
obtained amic acid solution, 1.58 g of pyridine was
added, 6.14 g of acetic anhydride was further added
dropwise slowly thereto, and then the reaction was
allowed to proceed at an inner temperature of 60°C for 4
hours to perform imidization. After completion of the
reaction, the product was cooled to room temperature,
and 200 g of methyl isobutyl ketone was added thereto.
The organic layer was washed with 100 g of a 3% aqueous
solution of nitric acid, then further washed five times
with 100 g of pure water, and was evaporated under
reduced pressure to dryness. To the residue, 60 g of
THF (tetrahydrofuran) was added to form a homogeneous
solution, and then a crystal was precipitated with 300 g
of methanol. The precipitated crystal was separated by
filtration, washed twice with 100 g of methanol, and
collected. The collected crystal was vacuum dried at
70°C to obtain (R3).

When the weight-average molecular weight (Mw) and
dispersity (Mw/Mn) were measured by GPC, the following
results were obtained.

WeReUORS

Vi N
(R3): Mw=760, Mw/Mn=1.02
[0225]
[Comparative Synthesis Example 4] Synthesis of Compound
(R4) for Forming Organic Film
To 5.88 g of the compound (D4) and 15.98 g of the
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compound (D5), 100 g of acetone was added, and, under a
nitrogen atmosphere, the reaction was allowed to proceed
at an inner temperature of 40°C for 3 hours. To the
obtained reaction solution, 2.46 g of sodium acetate and
15.33 g of acetic anhydride were slowly added dropwise,
and then the reaction was allowed to proceed at an inner
temperature of 50°C for 4 hours. After completion of
the reaction, the product was cooled to room
temperature, and 300 g of methyl isobutyl ketone was
added thereto. The organic layer was washed with 100 ¢
of a 3% aqueous solution of nitric acid, then further
washed six times with 100 g of pure water, and was
evaporated under reduced pressure to dryness. To the
residue, 100 g of THF was added to form a homogeneous
solution, and then a crystal was precipitated with 300 g
of diisopropyl ether. The precipitated crystal was
separated by filtration, washed twice with 200 g of
diisopropyl ether, and collected. The collected crystal
was vacuum dried at 70°C to obtain (R4).

When the weight-average molecular weight (Mw) and
dispersity (Mw/Mn) were measured by GPC, the following
results were obtained.

LESEy

(R4): Mw=680, Mw/Mn=1.03
[0226]
[Comparative Synthesis Example 5] Synthesis of Compound
(R5) for Forming Organic Film

Under a nitrogen atmosphere, 13.98 g of the
compound (D7) was dissolved 1In 192 g of NMP, then 11.46
g of the compound (D8) was added thereto, and the
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reaction was allowed to proceed at an inner temperature
of 40°C for 2 hours. Furthermore, 5.16 g of the
compound (D3) was added thereto, and the reaction was
allowed to proceed for a further 2 hours. To the
obtained amic acid solution, 3.16 g of pyridine was
added, 10.22 g of acetic anhydride was further added
dropwise slowly thereto, and then the reaction was
allowed to proceed at an inner temperature of 60°C for 4
hours to perform imidization. The product was cooled to
room temperature, and a crystal was precipitated with
600 g of methanol. The precipitated crystal was
separated by filtration, washed twice with 200 g of
methanol, and collected. The collected crystal was
vacuum dried at 70°C to obtain (R5).

When the weight-average molecular weight (Mw) and
dispersity (Mw/Mn) were measured by GPC, the following
results were obtained.

PR 0

(R5): Mw=4,900, Mw/Mn=1.33
[0227]

A list of the structural formulae, weight-average
molecular weight (Mw), and dispersity (Mw/Mn) of the
compounds (Al) to (A22) for forming an organic film
obtained above is shown in Tables 3 to 6. In addition,
the structural formulae, Mw, and Mw/Mn of the compounds
(R1) to (R5) for forming an organic film, used in the
Comparative Examples, are also shown in Table 7.
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[0228]

[Table 3]
Synt?esi Compound for forming organic| Mw
Exanple film /Mn
o | oodootno] || v
(AD)
; /QO/CE@@OON;@(@\ 730 1.02
(A2)
8 getestatotesden e
(A3)
. o od-oroto o 870 |  1.03
(A4)
(AS)
11 // S0 \\ 1150 o
F (A6) |
12 5C§ilﬁ<§i<>:%>%Iﬁgljx 1200 o
(A7)
. \ﬁ3%£>é4jgggw&3>§ilgif/ 1100 1.02

(A8)
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[0229]

[Table 4]
Synt?eSI Compound for forming organic Mw Mw
Example Film /Mn
F ? —\ CHs CH; 3 F
14 O -O-FOE0-{0.,0 1130 1.01
(A9)
H o) o /é
15 d@qﬁ@@m 940 1.01
(A10)
16 RC%%34%}O{};§1l35 ST | 1120 1.08
(A1)
QL . . pe
17 o/@? O OF0 {Hﬁ 1280 1.02
(A12)
T -
51@ %% 60
18 [ DA 1100 1.04
@@4@% w
(A13)
s e o
\©L0/©<<i % Q/ 60
19 W\Ilgl§4v§0§iﬁ? B 1140 1.05
\
(A14)
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[0230]

[Table 5]
Synt?esl Compound for forming organic M Mw
Exanple film /Mn
7 o O )
5 SORE \@@d
- \ OO ] Q O g Obj 1320 1.03
(A15)
3 N/©/O O O O\©\N X
21 §i>§f§% G0 *ii}{cg/ 1080 Ho8
(A16)
. % oﬁj% 1000 1.02
O @J
(A17)
o
s 1030 1.02

Ty

pre

o

. %
o=

(A18)
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[0231]

[Table 6]
Synt?esl Compound for forming organic| .
Exanple film /Mn
? Q
. i :%S 1880 1.06
o
(A19)
c{
e & 1320 1.04
(A20)
oo OH b
o | BR[| 2o
o ° °
(A21)
. 1540 1.03
(A22)
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[0232]

[Table 7]
Comparativ Mw
e Compound for forming organic M
. - w
Synthesis film /Mn
Example
1 960 1.07
2 f \\ 1100 1.03
O
(K2)
WeReUsHsY
3 ;:ﬁkb inz\ 760 1.02
VA N\
(R3)
ISASUSRS!
4 & b 680 1.03
O (0]
(R4)
2 VL o,
5 g o d 4900 1.33
0
(R5)
[0233]

Preparation of Materials (UDL-1 to -25, Comparative UDL-

1 to -5) for Forming Organic Film

According to proportions shown in Tables 8 and 9,

the following were dissolved in a solvent containing

propylene glycol monomethyl ether acetate (PGMEA) and
0.1 mass% of FC-4430 (manufactured by Sumitomo 3M Ltd.):
the compounds (Al) to (A22) and (R1) to (R5) for forming
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an organic film; and (S1) 1,6-diacetoxyhexane, having a
boiling point of 260°C, and (S2) tripropylene glycol
monomethyl ether, having a boiling point of 242°C, as
high-boiling-point solvents. The resulting solutions
were filtered through a 0.l1-um filter made of a

Thus, materials (UDL-1 to -25,

comparative UDL-1 to -5) for forming an organic film

fluorinated resin.

were prepared.

[0234]
[Table 8]
Compound for b;ﬁ??;é_
Material for forming - PGMEA
forming organic film point
organic film solvent
(parts by (parts by (parts by
mass) mass) mass)
UDL-1 A1(10) - 90
UDL-2 A2(10) - 90
UDL-3 A3(10) - 90
UbDL-4 A4(10) - 90
UDL-5 A5(10) = 90
UDL-6 A6(10) - 90
UDL-7 A7(10) - 90
UDL-8 A8(10) - 90
UDL-9 A9(10) - 90
UDL-10 A10(10) - 90
UDL-11 A11(10) - 90
UDL-12 A12(10) - 90
UDL-13 A13(10) - 90
UDL-14 A14(10) - 90
UDL-15 A15(10) - 90
UDL-16 A16(10) - 90
UDL-17 A17(10) - 90
UDL-18 A18(10) - 90
UDL-19 A19(10) - 90
UDL-20 A20(10) - 90
UDL-21 A21(10) - 90
UbDL-22 A22(10) - 90
UDL-23 A10(10) S1(10) 90
UDL-24 A16(10) S2(10) 90
S1(5)
UDL-25 A20(10) $2(5) 90
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[0235]

[Table 9]
Compound for High-
n - boiling-
Material for forming oint PGMEA
forming organic film sglvent
organic film (parts by (parts by (parts by
mass) mass) mass)
Comparative
UDL-1 R1(10) - 90
Comparative
UDL -2 R2(10) - 90
Comparative
UDL-3 R3(10) - 90
Comparative
UDL -4 R4(10) - 90
Comparative
UDL-5 R5(10) - 90
[0236]

Example 1: Solvent Resistance Measurement (Examples 1-1

to 1-25, Comparative Examples 1-1 to 1-5)

A silicon substrate was coated with one of the
materials (UDL-1 to -25, comparative UDL-1 to -5) for
forming an organic film prepared above and baked at
450°C for 60 seconds under such a nitrogen stream that
the oxygen concentration was controlled to 0.2% or less.
Then, the film thickness was measured. A PGMEA solvent
was dispensed on each film and allowed to stand for 30
seconds. The resultant was spin-dried and baked at
100°C for 60 seconds to evaporate the PGMEA, and the
film thickness was measured. The difference between the
Tfilm thicknesses of before and after the PGMEA treatment
was calculated. These results are shown in Tables 10
and 11.
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[0237]

[Table 10]

Material Film thgzuw;ss b/ax100

for thickness after a
forming after film
organic |formation: PGMEA .
film a (A) trifﬁggft- (%)

Example 1-1 UDL-1 1997 1995 99.9
Example 1-2 UDL-2 2004 2002 99.9
Example 1-3 UDL-3 1996 1994 99.9
Example 1-4 UDL-4 2003 2003 100
Example 1-5 UDL-5 2001 1999 99.9
Example 1-6 UDL-6 2008 2006 99.9
Example 1-7 UDL-7 2006 2005 100
Example 1-8 UDL-8 1993 1991 99.9
Example 1-9 UDL-9 2004 2001 99.9
Example 1-10 uDL-10 1993 1992 99.9
Example 1-11 uDL-11 2004 2003 100
Example 1-12 UDL-12 1994 1993 99.9
Example 1-13 UDL-13 1992 1991 99.9
Example 1-14 UDL-14 1998 1995 99.8
Example 1-15 UDL-15 1998 1998 100
Example 1-16 UDL-16 2004 2003 100
Example 1-17 uUbDL-17 1994 1993 99.9
Example 1-18 UDL-18 1996 1992 99.8
Example 1-19 UDL-19 1996 1992 99.8
Example 1-20 UDL-20 2006 2002 99.8
Example 1-21 ubL-21 2001 1998 99.9
Example 1-22 UDL-22 2009 2008 100
Example 1-23 UDL-23 2005 2003 99.9
Example 1-24 UDL-24 1996 1996 100
Example 1-25 UDL-25 1991 1987 99.8
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[0238]

[Table 11]
- Film Film
Material thickness thickness b/ax100
for forming - after
- after filnm
organic e o tion- PGMEA
film a (A) “[treatment: (%)
b (A
Comparative [Comparative
Example 1-1|  UDL-1 1998 1798 90
Comparative [Comparative
Example 1-2 |  UDL-2 1997 1973 98.8
Comparative [Comparative
Example 1-3 UDL-3 2009 2006 99.9
Comparative [Comparative
Example 1-4| UDL-4 1997 1653 82.8
Comparative [Comparative
Example 1-5 UDL-5 1993 1991 99.9

[0239]

As shown i1n Table 10, the inventive materials for
forming an organic film (Examples 1-1 to 1-25) had a
film remaining percentage after the PGMEA treatment of
99.8% or more, and it can be observed that a
crosslinking reaction occurred even under a nitrogen
atmosphere, and sufficient solvent resistance was
exhibited. 1In contrast, as shown in Table 11, iIn
Comparative Examples 1-1, 1-2, and 1-4, the film
remaining percentage after the PGMEA treatment was less
than 99.5% due to insufficient heat resistance. 1In
particular, the film remaining percentage in Comparative
Example 1-4 was less than 90%. In Comparative Examples
1-3 and 1-5, solvent resistance was exhibited, and the
film remaining percentage was 99.8% or more. It can be
conjectured that this i1s because heat resistance was
excellent due to the terminal ethynylbenzene including
an imide ring.

[0240]

Example 2: Heat Resistance Evaluation (Examples 2-1 to
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2-25, Comparative Examples 2-1 to 2-5)

A silicon substrate was coated with one of the
materials (UDL-1 to -25, comparative UDL-1 to -5) for

forming an organic film and baked in the atmosphere at
180°C to form a coating film of 200 nm, and the film

thickness was measured.

The substrate was further baked

at 450°C for 10 minutes under such a nitrogen stream

that the oxygen concentration was controlled to 0.2% or

less, and the film thickness was measured.

results are shown in Tables 12 and 13.

These

[0241]
[Table 12]
Material Film Film Film remaining
for forming| thickness thickness [percentage (%)
organic with 180°C: (with 450°C:

i A (A) B (A) (B7A)
Example 2-1 UDL-1 2007 1947 97.0
Example 2-2 ubL-2 1995 1974 98.9
Example 2-3 UDL-3 2007 1950 97.2
Example 2-4 UDL-4 1996 1945 97 .4
Example 2-5 UDL-5 2003 1970 98.4
Example 2-6 UDL-6 1993 1948 97.7
Example 2-7 ubL-7 2009 1951 97.1
Example 2-8 UDL-8 1994 1952 97.9
Example 2-9 UDL-9 1995 1947 97.6
Example 2-10 UDL-10 1994 1967 98.6
Example 2-11 UDL-11 2010 1965 97.8
Example 2-12 UbDL-12 1998 1941 97.1
Example 2-13 UDL-13 1999 1968 98.4
Example 2-14 UbDL-14 2003 1952 97.5
Example 2-15 UDL-15 2000 1952 97.6
Example 2-16 UDL-16 1993 1967 98.7
Example 2-17 ubL-17 2006 1953 97 .4
Example 2-18 UDL-18 2006 1999 99.7
Example 2-19 UbDL-19 1992 1954 98.1
Example 2-20 UDL-20 1994 1982 99.4
Example 2-21 UDL-21 2001 1977 98.8
Example 2-22 UDL-22 1995 1993 99.9
Example 2-23 UDL-23 1999 1971 98.6
Example 2-24 UDL-24 2005 1979 98.7
Example 2-25 UDL-25 2004 1992 99.4
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[0242]

[Table 13]
Material Film Film Film
for formin thickness | thickness | remaining
ordanic 9 with with percentage
e 180°C: A | 450°C: B (%)
A ()] (B/A)
Comparative [Comparative
Example 2-1 UDL-1 1996 1595 79.9
Comparative [Comparative
Example 2-2 UDL-2 2007 1595 79.5
Comparative [Comparative
Example 2-3 UDL-3 1992 1964 98.6
Comparative [Comparative
Example 2-4 UDL-4 2007 1591 79.3
Comparative |[Comparative
Example 2-5 UDL-5 1998 1960 98.1
[0243]

As shown in Table 12, the inventive materials for
forming an organic film (Examples 2-1 to 2-25) had a
film thickness decrease of 3% or less even after baking
at 450°C for 10 minutes,

forming an organic film can form an organic film that

and the inventive materials for
has high heat resistance even under high temperature
conditions of 450°C.
5, 2-10, 2-13, 2-16, 2-18, and 2-20 to 25, where an
ethynyl group was contained as Ri, the film thickness

In particular, in Examples 2-2, 2-

decrease was suppressed to less than 2% even after
450°C for 10 minutes,
resistance was particularly excellent. In
in Table 13,
and 2-4, great film thickness decrease

that the

baking at and 1t can be observed
that heat
contrast, as shown
2-1, 2-2,

exceeding

in Comparative Examples
20% occurred, and 1t can be observed
imide structure has high heat resistance.
[0244]

Example 3: Filling Property Evaluation (Examples 3-1 to

3-25, Comparative Examples 3-1 to 3-5)
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As in FIG. 3, each of the materials (UDL-1 to -25,
comparative UDL-1 to -5) for forming an organic film was
applied respectively onto an Si02 wafer substrate having
a dense hole pattern (hole diameter: 0.16 um, hole
depth: 0.50 um, distance between the centers of two
adjacent holes: 0.32 um) and baked by using a hot plate
at 450°C for 600 seconds under such a nitrogen stream
that the oxygen concentration was controlled to 0.2% or
less to form an organic film. The substrate used was a
base substrate 7 (Si02 wafer substrate) having a dense
hole pattern as shown in FIG. 3 (G) (top view) and (H)
(sectional view). The sectional profile of each wafer
substrate obtained was observed with a scanning electron
microscope (SEM) to check whether or not the holes were
filled with the organic film without voids (space). The
results are shown in Tables 14 and 15. |If an organic
film material having poor filling property is used,
voids occur inside the holes iIn this evaluation. When a
material for forming an organic film having favorable
filling property is used, in this evaluation, the holes
are filled with the organic film 8 without voids as
shown 1n FIG. 3 (1).

120



[0245]

[Table 14]
Material for |Presence or
forming absence of

organic film voids
Example 3-1 UDL-1 Absent
Example 3-2 UDL-2 Absent
Example 3-3 UDL-3 Absent
Example 3-4 UDL-4 Absent
Example 3-5 UDL-5 Absent
Example 3-6 UDL-6 Absent
Example 3-7 UDL-7 Absent
Example 3-8 UDL-8 Absent
Example 3-9 UDL-9 Absent
Example 3-10 ubL-10 Absent
Example 3-11 uDL-11 Absent
Example 3-12 ubL-12 Absent
Example 3-13 UDL-13 Absent
Example 3-14 ubDL-14 Absent
Example 3-15 UDL-15 Absent
Example 3-16 UDL-16 Absent
Example 3-17 ubL-17 Absent
Example 3-18 UDL-18 Absent
Example 3-19 UbDL-19 Absent
Example 3-20 ubL-20 Absent
Example 3-21 UbDL-21 Absent
Example 3-22 UDL-22 Absent
Example 3-23 UDL-23 Absent
Example 3-24 ubDL-24 Absent
Example 3-25 UDL-25 Absent
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[0246]

[Table 15]
Material for [Presence or
forming absence of
organic film voids
Comparative Comparative Present
Example 3-1 UDL-1
Comparative Comparative Present
Example 3-2 UDL-2
Comparative Comparative Absent
Example 3-3 UDL-3
Comparative Comparative Present
Example 3-4 UDL-4
Comparative Comparative Present
Example 3-5 UDL-5
[0247]
As shown i1n Table 14, the inventive materials for

forming an

organic film (Example 3-1 to 3-25) were

capable of Tilling the hole pattern without generating

voids, and

it was observed

favorable filling property.

in Table 15,

that the materials had

On the other hand, as shown

in Comparative Examples 3-1, 3-2, and 3-4,

voids iInduced by insufficient heat resistance, as

indicated by the results of Comparative Example 2, had

occurred.

Meanwhile,

regarding Comparative Example 3-5,

heat resistance was sufficient as a result of the rigid

polymer structure and the high molecular weight, but

filling property was insufficient, and voids were

observed.

From these results,

it was successfully

confirmed that the inventive materials for forming an

organic film had favorable filling property.

[0248]

Example 4: Planarizing Property Evaluation (Examples 4-1

to 4-25, Comparative Examples 4-1 to 4-5)

Each of the materials (UDL-1 to -25, comparative

UDL-1 to -5) for forming an organic film was applied

respectively onto a base substrate 9 (Si102 wafer
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substrate) having a giant isolated trench pattern
(trench width: 10 pm, trench depth: 0.10 um) shown in
FIG. 4 (J) and baked at 450°C for 240 seconds under such
a nitrogen stream that the oxygen concentration was
controlled to 0.2% or less to form an organic film 10 as
shown in FIG. 4 (K). Then, a step delta 10 between the
trench portion and the non-trench portion of the organic
film was observed using an atomic force microscope (AFM)
NX10 manufactured by Park Systems. The results are
shown in Tables 16 and 17. 1In this evaluation, the
smaller the step, the better the planarizing property.
Note that, 1n this evaluation, a trench pattern having a
depth of 0.10 um was generally planarized using a
material for forming an organic film at a film thickness
of approximately 0.2 um. This is a severe evaluation

condition to evaluate the planarizing property.
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[0249]

[Table 16]
Material
for forming Step
organic

filn (nm)
Example 4-1 UDL-1 50
Example 4-2 UDL-2 30
Example 4-3 UDL-3 45
Example 4-4 UDL-4 40
Example 4-5 UDL-5 35
Example 4-6 UDL-6 45
Example 4-7 UDL-7 40
Example 4-8 UDL-8 45
Example 4-9 UDL-9 40
Example 4-10 ubDL-10 30
Example 4-11 ubL-11 45
Example 4-12 ubL-12 40
Example 4-13 uDL-13 35
Example 4-14 UDL-14 45
Example 4-15 UDL-15 40
Example 4-16 UDL-16 30
Example 4-17 ubL-17 45
Example 4-18 UDL-18 25
Example 4-19 UDL-19 35
Example 4-20 ubL-20 20
Example 4-21 UbDL-21 30
Example 4-22 UDL-22 25
Example 4-23 UDL-23 20
Example 4-24 ubDL-24 20
Example 4-25 UDL-25 15
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[0250]

[Table 17]
Material
for forming Step
organic
film (nm)
Comparative |Comparative 95
Example 4-1 UDL-1
Comparative |[Comparative 90
Example 4-2 UDL-2
Comparative |[Comparative 65
Example 4-3 UDL-3
Comparative |Comparative 95
Example 4-4 UDL-4
Comparative [Comparative 90
Example 4-5 UDL-5
[0251]

As shown 1n Table 16, regarding the inventive
materials for forming an organic film (Examples 4-1 to
4-25), the steps in the organic film between the trench
portion and the non-trench portion were smaller than in
Comparative Examples 4-1 to 4-5, shown in Table 17,
confirming that planarization property was excellent.
In Comparative Examples 4-2 and 4-4, flowability was
imparted by the ether bonds, but heat resistance was
insufficient, as indicated by the results of the heat
resistance evaluation of Comparative Example 2, and
therefore, the film greatly shrank due to the baking at
450°C and flatness was degraded. Meanwhile, in
Comparative Example 4-3, the crosslinking group was an
ethynyl group, and heat resistance was excellent, but
the phenyl ether structure like that in the present
invention was in positions at a distance from the
crosslinking groups, and therefore, flowability was not
improved, so that flatness was poor compared to UDL-10,
which had a similar structure. Meanwhile, 1In

Comparative Example 4-5, heat resistance was high
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because of the imide structure, but the molecular weight
was high and no phenyl ether structure was contained,
and therefore, flowability was not improved and flatness
was poor. Furthermore, comparing Examples 4-23 to 4-25,
where a high-boiling-point solvent was contained, and
Examples 4-10, 4-16, and 4-20, where no high-boiling-
point solvents were contained, respectively, 1t can be
observed that flatness was further improved by a high-
boiling-point solvent being contained. From these
results, it can be observed that the inventive materials
for forming an organic film are excellent in heat
resistance, and therefore, film shrinkage during high-
temperature baking can be suppressed and excellent
planarizing property can be exhibited.

[0252]

Example 5: Patterning Test (Examples 5-1 to 5-25,

Comparative Examples 5-1 to 5-2)

Each of the materials (UDL-1 to -25, comparative
UDL-3, -5) for forming an organic film was respectively
applied onto a base substrate 9 (Si0; wafer substrate)
formed from Si02, having a giant i1solated trench pattern
(trench width: 10 pm, trench depth: 0.10 um) shown in
FIG. 4 (J3). Then, an organic film (resist underlayer
film) was formed by baking at 450°C for 60 seconds under
such a nitrogen stream that the oxygen concentration was
controlled to 0.2% or less. A CVD-SiION hard mask was
formed thereon, and further an organic antireflective
coating material (ARC-29A: manufactured by Nissan
Chemical Industries, Ltd.) was applied and baked at
210°C for 60 seconds to form an organic antireflective
coating having a film thickness of 80 nm. A monolayer
resist for ArF was applied thereon as a resist upper
layer film material and baked at 105°C for 60 seconds to

126



form a photoresist film having a film thickness of 100
nm. A liquid immersion top coat material (TC-1) was
applied on the photoresist film and baked at 90°C for 60
seconds to form a top coat having a film thickness of 50
nm. Note that, regarding comparative UDL-1, -2, and -4,
it was not possible to form a CVD-SiON hard mask because
heat resistance was poor as indicated by the results of
Comparative Example 2, and therefore, 1t was not
possible to proceed to the subsequent patterning test.
[0253]

The resist upper layer film material (monolayer
resist for ArF) was prepared by: dissolving a polymer
(RP1), an acid generator (PAGl), and a basic compound
(Aminel) into a solvent containing 0.1 mass% FC-430
(manufactured by Sumitomo 3M Ltd.) in proportions shown
in Table 18; and filtering the solution through a O0.1-um
filter made of a fluorinated resin.

[0254]
[Table 18]
Polymer Actd BaS|cd Solvent
(parts by generator | compoun (parts by
mass) (parts by | (parts by nass)
mass) mass)
ﬁgg?;f%ﬁ;— RP1 PAGL Aminel SGHEA
ArE (100) (6.6) (0.8) (2500)
[0255]

The polymer (RP1), acid generator (PAGl), and basic
compound (Aminel) used are shown below.
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[0256]

The liquid immersion top coat material (TC-1) was
prepared by: dissolving a top coat polymer (PPl) into
organic solvents iIn proportions shown in Table 19; and
filtering the solution through a 0.1-um filter made of a
fluorinated resin.

[0257]
[Table 19]
Polymer Organic solvent
(parts by
mass) (parts by mass)
TC-1 PP1 Diisoamyl ether (2700)
(100) 2-methyl-1-butanol (270)
[0258]

The polymer (PPl) used is shown below.
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70 30 cF,

oo 0”0
CFa OH
OH CF3
CF3
PP1
Mw8,800
[0259]

Next, the resulting substrate was exposed to light
with an ArF liquid immersion exposure apparatus (NSR-
S610C manufactured by Nikon Corporation, NA: 1.30, o:
0.98/0.65, 35° s-polarized dipole 1llumination, 6%
halftone phase shift mask), baked (PEB) at 100°C for 60
seconds, and developed with a 2.38 mass%
tetramethylammonium hydroxide (TMAH) aqueous solution
for 30 seconds. Thus, a 55 nm 1:1 positive line-and-
space pattern (resist pattern) was obtained.

[0260]

Next, the organic antireflective coating and the
CVD-SiION hard mask were processed by dry etching with an
etching apparatus Telius manufactured by Tokyo Electron
Limited while using the resist pattern as a mask to form
a hard mask pattern. The organic film was etched while
using the obtained hard mask pattern as a mask to form
an organic fTilm pattern. The Si02 film was processed by
etching while using the obtained organic film pattern as
a mask. The etching conditions were as described below.
[0261]

Conditions for transferring the resist pattern to
the SiION hard mask
Chamber pressure: 10.0 Pa
RF power: 1,500 W
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CFs gas flow rate: 75 sccm

02 gas flow rate: 15 sccm
Time: 15 sec
[0262]

Conditions for transferring the hard mask pattern

to the organic film

Chamber pressure: 2.0 Pa
RF power: 500 W
Ar gas flow rate: 75 sccm
0> gas flow rate: 45 sccm
Time: 120 sec
[0263]

Conditions for transferring the organic film
pattern to the SiO2 Film

Chamber pressure: 2.0 Pa
RF power: 2,200 W
CsFi2 gas flow rate: 20 sccm
CoFe gas flow rate: 10 sccm
Ar gas flow rate: 300 sccm
0> gas flow rate: 60 sccm
Time: 90 sec
[0264]

The pattern cross sections were observed with an
electron microscope (S-4700) manufactured by Hitachi,
Ltd. Table 20 shows the results.
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[0265]

[Table 20]
_ Pattern profile
Materlql for after etcEing for
fotmlnq transferring to
organic film substrate
Example 5-1 UDL-1 Vertical profile
Example 5-2 UDL-2 Vertical profile
Example 5-3 UDL-3 Vertical profile
Example 5-4 ubDL-4 Vertical profile
Example 5-5 UDL-5 Vertical profile
Example 5-6 UDL-6 Vertical profile
Example 5-7 UbL-7 Vertical profile
Example 5-8 UDL-8 Vertical profile
Example 5-9 UDL-9 Vertical profile
Example 5-10 UDL-10 Vertical profile
Example 5-11 UDL-11 Vertical profile
Example 5-12 UDL-12 Vertical profile
Example 5-13 UDL-13 Vertical profile
Example 5-14 ubDL-14 Vertical profile
Example 5-15 UDL-15 Vertical profile
Example 5-16 UDL-16 Vertical profile
Example 5-17 UDL-17 Vertical profile
Example 5-18 UDL-18 Vertical profile
Example 5-19 UDL-19 Vertical profile
Example 5-20 UDL-20 Vertical profile
Example 5-21 UDL-21 Vertical profile
Example 5-22 UDL-22 Vertical profile
Example 5-23 UDL-23 Vertical profile
Example 5-24 UDL-24 Vertical profile
Example 5-25 UDL-25 Vertical profile
Comparative | Comparative Pattern profile
Example 5-1 UDL-3 collapse
Comparative | Comparative Pattern profile
Example 5-2 UDL-5 collapse
[0266]
As shown i1n Table 20, from the results of the

inventive materials for forming an organic film
(Examples 5-1 to 5-25), the resist upper layer film
pattern (resist pattern) was favorably transferred to

the final substrate 1n each case, confirming that the
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inventive materials for forming an organic film are
suitably used i1n fine processing according to the
multilayer resist method. In Comparative Examples 5-1
and 5-2, defocus occurred during resist exposure due to
insufficient flatness, and it was not possible to obtain
a favorable pattern, so that it was not possible to
obtain a favorable pattern at the time of transfer.
[0267]

Example 6: Glass Transition Temperature (Example 6-1,

Comparative Examples 6-1, 6-2)

Each of the compound (A5) for forming an organic
film synthesized In a Synthesis Example described above
and the compounds (R4) and (R5) for forming an organic
film synthesized in Comparative Synthesis Examples
described above was diluted with N-methyl-2-pyrrolidone
in such a manner that the concentration of the solid
content was 50 mass%, and 2 mass% of dicumyl peroxide
was added thereto and dissolved to obtain a varnish in
which the compound for forming an organic film was
dissolved. After that, micro-filtering was performed
with a 1.0-um filter made of Teflon (registered
trademark) .

[0268]
<Production of Film-Form Sample>

The varnish of each compound for forming an organic
film prepared above was respectively applied onto an
aluminum substrate by spin-coating in such a manner as
to achieve a resulting film thickness of 10 um after
curing. Then, pre-baking was performed on a hot plate
at 100°C for 4 minutes to obtain a photosensitive resin
film. Thereafter, curing was performed using an oven at
180°C for 2 hours while purging with nitrogen to obtain

a cured resin film. Next, a wafer with a cured film was
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cut In strips of a width of 10 mm and a length of 60 mm,
followed by peeling the cured film from the substrate by
dipping in hydrochloric acid of 20 mass%. Thus, a film-
form sample was obtained.
[0269]
<Glass Transition Temperature (Tg)>

Regarding the film-form samples produced above, the

glass transition temperature was measured using TMA7100,

manufactured by Hitachi High-Technologies Corp. The
measurement results are shown in Table 21.
[0270]
[Table 21]
Comparative | Comparative
Example 6-1 Example 6-1 | Example 6-2
Compound for
forming organic A5 R4 R5
film
Cracks Cracks
. appeared, appeared,
Film workability Isolatlpn isolation isolation
was possible
was not was not
possible possible
- Measurement | Measurement
Glass transition
° 214 was not was not
temperature/°C - h
possible possible
[0271]

The cured film of the varnish containing the

inventive compound for forming an organic film of

Example 6-1 exhibited a high glass transition

temperature.

Furthermore,

the cured film has better

film workability compared to those of the compounds for

forming an organic film of Comparative Examples 6-1 and

6-2, and therefore, can be developed not only for resist

underlayer fTilm materials but also for use in multilayer

printed circuit boards to be used in electronic

equipment for the high-frequency band essentially

requiring insulating materials excellent in dielectric
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characteristics etc. Thus, as stated in the
description, the i1nventive compound can be applied as a
raw material for various iImide compounds and polyimide
compounds such as electronic materials and aerospace
materials.

[0272]

From the above, it has been found that the
inventive material for forming an organic film
containing the inventive compound for forming an organic
film has resistance to heat of 400°C or higher and also
high filling and planarizing properties even under an
inert gas, containing no oxygen, and therefore, is
extremely useful as an organic film material to be used
in multilayer resist methods, and that, according to the
inventive patterning processes, using the material, a
fine pattern can be formed with high precision even in
the case of a substrate in which the substrate to be
processed has a step. Furthermore, a compound for
forming an organic film synthesized using the inventive
aromatic carboxylic anhydride can be developed not only
for organic film materials used In the multilayer resist
methods but also for use 1In multilayer printed circuit
boards to be used in electronic equipment for the high-
frequency band essentially requiring insulating
materials excellent in dielectric characteristics etc.
Thus, as stated i1in the description, such a compound can
be applied as a raw material for various iImide compounds
and polyimide compounds such as electronic materials and
aerospace materials.

[0273]

The present description includes the following

embodiments.

[1]: A material for forming an organic film,
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comprising: (A) a compound represented by the following

general formula (1A); and (B) an organic solvent,

W1_€X1)n1 (1A)

wherein W: represents an nl-valent organic group,
“nl” represents an integer of 2 to 4, and X1 represents a

group represented by the following general formula (1B),

O
Sie)
Xq= —N Jof R
1 l v 1n2
O (1B)

wherein “n2” represents 1 or 2, Ri represents any
of groups represented by the following formulae (1C),
the aromatic ring optionally has a substituent, and the
Ri1, being a terminal structure, is optionally a

combination of two or more kinds.

R1= T - --=——CH __}Q
\ i (16)

[2]: The material for forming an organic film
according to [1], wherein the component (A) 1is a
compound represented by the following general formula

(1D),

NN
<X1>F©'_W2_'\/%X1 > " 10y

wherein W2 represents a single bond or a divalent
organic group, “n3” and “n4” each represent an integer
that satisfies 2 < n3+n4 < 4, the benzene rings in the
formula optionally have a substituent, the organic group
in the W, and the substituent on the benzene ring are
optionally bonded to each other to form a cyclic organic

group, and X; is as defined above.
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[3]1: The material for forming an organic film
according to [2], wherein the W2 in the general formula
(1D) represents a single bond or any of groups
represented by the following formulae (1E),

0
I I
Wy= =-0=- ==§--= ==C-= --CHy ~~CH,~CHp= --CH=CH-- --§--
o}
CH;  CF; CH CH
B ) o o TN
I
CH; CF, N N CHg\/ CHs
S CHs,
CHs

° RS €a

-=0 O--
o0 .

wherein the aromatic rings optionally have a
substituent.
[4]: The material for forming an organic film

according to [2] or [3], wherein the “n3” and “n4” in

IN

the general formula (1D) satisfy relationships 1 < n3
2, 1 £ n4d £ 2, and 2 £ n3+n4 < 4.

[5]: The material for forming an organic film
according to any one of [1] to [4], wherein the
component (A) satisfies 1.00 £ Mw/Mn < 1.10, where Mw is
a weight-average molecular weight and Mn is a number-
average molecular weight measured by gel permeation
chromatography in terms of polystyrene.

[6]: The material for forming an organic film
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according to any one of [1] to [5], wherein the
component (B) is a mixture of one or more kinds of
organic solvent having a boiling point of lower than
180°C and one or more kinds of organic solvent having a
boiling point of 180°C or higher.

[7]1: The material for forming an organic film
according to any one of [1] to [6], further comprising
one or more of (C) an acid generator, (D) a surfactant,
(E) a crosslinking agent, and (F) a plasticizer.

[8]: A substrate for manufacturing a semiconductor
device, comprising a substrate and an organic film
formed thereon, the organic film being a cured product
of the material for forming an organic film according to
any one of [1] to [7]-

[9]: A method for forming an organic film to be
applied in a process of manufacturing a semiconductor
device, the method comprising:

spin-coating a substrate to be processed with the
material for forming an organic film according to any
one of [1] to [7]; and

obtaining an organic film by heating the substrate
to be processed coated with the material for forming an
organic film under an i1nert gas atmosphere at a
temperature of 50°C or higher and 600°C or lower for 10
seconds to 7200 seconds.

[10]: A method for forming an organic film to be
applied in a process of manufacturing a semiconductor
device, the method comprising:

spin-coating a substrate to be processed with the
material for forming an organic film according to any
one of [1] to [7];

forming a coating film by heating the substrate to

be processed coated with the material for forming an

137



organic film in air at a temperature of 50°C or higher
and 300°C or lower for 5 seconds to 600 seconds; and

subsequently obtaining an organic film by heating
under an inert gas atmosphere at a temperature of 200°C
or higher and 600°C or lower for 10 seconds to 7200
seconds.

[11]: The method for forming an organic film
according to [9] or [10], wherein the iInert gas
atmosphere has an oxygen concentration of 1% or less.

[12]: The method for forming an organic Ffilm
according to any one of [9] to [11], wherein the
substrate to be processed has a structure or step having
a height of 30 nm or more.

[13]: A patterning process comprising:

forming an organic film by using the material for
forming an organic film according to any one of [1] to
[7] on a body to be processed;

forming a silicon-containing resist middle layer
film by using a silicon-containing resist middle layer
film material on the organic film;

forming a resist upper layer film by using a
photoresist composition on the silicon-containing resist
middle layer fTilm;

forming a circuit pattern in the resist upper layer
film;

transferring the pattern to the silicon-containing
resist middle layer film by etching while using the
resist upper layer film having the formed pattern as a
mask ;

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

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

[14]: A patterning process comprising:

forming an organic film by using the material for
forming an organic film according to any one of [1] to
[7] on a body to be processed;

forming a silicon-containing resist middle layer
film by using a silicon-containing resist middle layer
film material on the organic film;

forming an organic antireflective coating on the
silicon-containing resist middle layer film;

forming a resist upper layer film by using a
photoresist composition on the organic antireflective
coating, so that a 4-layered film structure is
constructed;

forming a circuit pattern in the resist upper layer
film;

transferring the pattern to the organic
antireflective coating and the silicon-containing resist
middle layer film by etching while using the resist
upper layer film having the formed pattern as a mask;

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

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

[15]: A patterning process comprising:

forming an organic film by using the material for
forming an organic film according to any one of [1] to
[7] on a body to be processed;

forming an i1norganic hard mask middle layer film

selected from a silicon oxide film, a silicon nitride
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film, a silicon oxynitride film, a titanium oxide film,
and a titanium nitride film on the organic film;

forming a resist upper layer film by using a
photoresist composition on the inorganic hard mask
middle layer film;

forming a circuit pattern in the resist upper layer
film;

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

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

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

[16]: A patterning process comprising:

forming an organic film by using the material for
forming an organic film according to any one of [1] to
[7] on a body to be processed;

forming an i1norganic hard mask middle layer film
selected from a silicon oxide film, a silicon nitride
film, a silicon oxynitride film, a titanium oxide film,
and a titanium nitride film on the organic film;

forming an organic antireflective coating on the
inorganic hard mask middle layer film;

forming a resist upper layer film by using a
photoresist composition on the organic antireflective
coating, so that a 4-layered film structure is
constructed;

forming a circuit pattern in the resist upper layer
film;

transferring the pattern to the organic
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antireflective coating and the inorganic hard mask
middle layer film by etching while using the resist
upper layer film having the formed pattern as a mask;

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

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

[17]: The patterning process according to [15] or
[16], wherein the inorganic hard mask middle layer film
is formed by a CVD method or an ALD method.

[18]: The patterning process according to any one
of [13] to [17], wherein the circuit pattern is formed
by a lithography using light with a wavelength of 10 nm
or more to 300 nm or less, a direct drawing with
electron beam, nanoimprinting, or a combination thereof.

[19]: The patterning process according to any one
of [13] to [18], wherein the circuit pattern is
developed by alkali development or with an organic
solvent.

[20]: The patterning process according to any one
of [13] to [19], wherein the body to be processed i1s a
semiconductor device substrate or the semiconductor
device substrate coated with any of a metal film, a
metal carbide film, a metal oxide film, a metal nitride
film, a metal oxycarbide film, and a metal oxynitride
film.

[21]: The patterning process according to [20],
wherein the body to be processed contains silicon,
titanium, tungsten, hafnium, zirconium, chromium,
germanium, copper, silver, gold, aluminum, indium,

gallium, arsenic, palladium, iron, tantalum, iridium,
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cobalt, manganese, molybdenum, or an alloy thereof.
[22]: A compound for forming an organic film,
represented by the following general formula (1A),

W1—éx1)n1 .

wherein W: represents an nl-valent organic group,
“nl” represents an integer of 2 to 4, and Xi1 represents a
group represented by the following general formula (1B),

0
NS
= —N O —GR)
X l & © mwfd 1n2
© (1B)

wherein “n2” represents 1 or 2, Ri represents any
of groups represented by the following formulae (1C),
the aromatic ring optionally has a substituent, and the
Ri1i, being a terminal structure, is optionally a

combination of two or more kinds.

Ry= =~ _———— --—CH - >
_\\ 3 (10

[23]: The compound for forming an organic film
according to [22], being represented by the following
general formula (1D),

<X1>F Y Ogé)“ > " 10y

wherein W2 represents a single bond or a divalent
organic group, “n3” and “n4” each represent an integer
that satisfies 2 < n3+n4 < 4, the benzene rings in the
formula optionally have a substituent, the organic group
in the W, and the substituent on the benzene ring are
optionally bonded to each other to form a cyclic organic

group, and X; is as defined above.
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[24]: The compound for forming an organic film
according to [23], wherein the W2 in the general formula
(1D) represents a single bond or any of groups
represented by the following formulae (1E),

o)
I
W,= ==0-= =-8§-=- ==C-= ==CH,~ =-CH,~CH,~ --CH=CH-- --§--

e OO
o0 L.

wherein the aromatic rings optionally have a

substituent.

[25]: The compound for forming an organic film
according to [23] or [24], wherein the “n3” and “n4” 1in
the general formula (1D) satisfy relationships 1 < n3 <
2, 1 £ n4d £ 2, and 2 £ n3+n4 < 4.

[26]: An aromatic carboxylic anhydride represented
by the following general formula (1F),

0
NN
O (1F)

wherein “n2” represents 1 or 2, Ri represents any
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of groups represented by the following formulae (1G),
the aromatic ring optionally has a substituent, and the
Ri, being a terminal structure, is optionally a

combination of two or more kinds.

R1= T e --=——=CH __}Q
\ 3 (16)

[0274]

It should be noted that the present invention is
not limited to the above-described embodiments. The
embodiments are just examples, and any examples that
have substantially the same feature and demonstrate the
same functions and effects as those iIn the technical
concept disclosed in claims of the present invention are
included in the technical scope of the present

invention.
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CLAIMS

[Claim 1] A material for forming an organic film,
comprising: (A) a compound represented by the following

general formula (1A); and (B) an organic solvent,

W1—€x1)n1 .

wherein Wi represents an nl-valent organic group,
“nl” represents an integer of 2 to 4, and X1 represents a

group represented by the following general formula (1B),

O
_ N A0
1= Ni:@ OK/%Fh)nz
O (1B)

wherein “n2” represents 1 or 2, Ri represents any
of groups represented by the following formulae (1C),
the aromatic ring optionally has a substituent, and the
Ri1i, being a terminal structure, is optionally a

combination of two or more kinds.
R1= - -——— ——ECH:3 __}Q
Yk (1C)

[Claim 2] The material for forming an organic film
according to claim 1, wherein the component (A) is a

compound represented by the following general formula

(1D),

AN N
<X1>F©'_W2_'\/%X1 > N 103

wherein W2 represents a single bond or a divalent
organic group, “n3” and “n4” each represent an integer

that satisfies 2 < n3+n4 < 4, the benzene rings in the
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formula optionally have a substituent, the organic group
in the W, and the substituent on the benzene ring are
optionally bonded to each other to form a cyclic organic

group, and X; is as defined above.

[Claim 3] The material for forming an organic film
according to claim 2, wherein the W> in the general
formula (1D) represents a single bond or any of groups
represented by the following formulae (1E),

I
Wy= =-0=- ==§--= ==C-= =-CHy ~~CH,~CHp= --CH=CH-- --§--
CH;  CF; CH CH
4 DY oo O
I
CH; CF, N A CH;\/ CHs
ST CHs,
CH;

825 R

wherein the aromatic rings optionally have a
substituent.

[Claim 4] The material for forming an organic film
according to claim 2 or 3, wherein the “n3” and “n4” 1in
the general formula (1D) satisfy relationships 1 < n3 <

2, 1 £ n4d £ 2, and 2 £ n3+n4 < 4.
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[Claim 5] The material for forming an organic film
according to any one of claims 1 to 4, wherein the
component (A) satisfies 1.00 £ Mw/Mn £ 1.10, where Mw 1is
a weight-average molecular weight and Mn is a number-
average molecular weight measured by gel permeation

chromatography in terms of polystyrene.

[Claim 6] The material for forming an organic film
according to any one of claims 1 to 5, wherein the
component (B) is a mixture of one or more kinds of
organic solvent having a boiling point of lower than
180°C and one or more kinds of organic solvent having a
boiling point of 180°C or higher.

[Claim 7] The material for forming an organic film
according to any one of claims 1 to 6, further
comprising one or more of (C) an acid generator, (D) a
surfactant, (E) a crosslinking agent, and (F) a

plasticizer.

[Claim 8] A substrate for manufacturing a semiconductor
device, comprising a substrate and an organic film
formed thereon, the organic film being a cured product
of the material for forming an organic film according to

any one of claims 1 to 7.

[Claim 9] A method for forming an organic film to be
applied in a process of manufacturing a semiconductor
device, the method comprising:

spin-coating a substrate to be processed with the
material for forming an organic film according to any
one of claims 1 to 7; and

obtaining an organic film by heating the substrate
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to be processed coated with the material for forming an
organic film under an i1nert gas atmosphere at a
temperature of 50°C or higher and 600°C or lower for 10

seconds to 7200 seconds.

[Claim 10] A method for forming an organic film to be
applied in a process of manufacturing a semiconductor
device, the method comprising:

spin-coating a substrate to be processed with the
material for forming an organic film according to any
one of claims 1 to 7;

forming a coating film by heating the substrate to
be processed coated with the material for forming an
organic film in air at a temperature of 50°C or higher
and 300°C or lower for 5 seconds to 600 seconds; and

subsequently obtaining an organic film by heating
under an inert gas atmosphere at a temperature of 200°C
or higher and 600°C or lower for 10 seconds to 7200

seconds.

[Claim 11] The method for forming an organic film
according to claim 9 or 10, wherein the inert gas
atmosphere has an oxygen concentration of 1% or less.

[Claim 12] The method for forming an organic film
according to any one of claims 9 to 11, wherein the
substrate to be processed has a structure or step having

a height of 30 nm or more.

[Claim 13] A patterning process comprising:
forming an organic film by using the material for
forming an organic fTilm according to any one of claims 1

to 7 on a body to be processed;
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forming a silicon-containing resist middle layer
film by using a silicon-containing resist middle layer
film material on the organic film;

forming a resist upper layer film by using a
photoresist composition on the silicon-containing resist
middle layer film;

forming a circuit pattern in the resist upper layer
film;

transferring the pattern to the silicon-containing
resist middle layer film by etching while using the
resist upper layer film having the formed pattern as a
mask;

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

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

[Claim 14] A patterning process comprising:

forming an organic film by using the material for
forming an organic fTilm according to any one of claims 1
to 7 on a body to be processed;

forming a silicon-containing resist middle layer
film by using a silicon-containing resist middle layer
film material on the organic film;

forming an organic antireflective coating on the
silicon-containing resist middle layer film;

forming a resist upper layer film by using a
photoresist composition on the organic antireflective
coating, so that a 4-layered film structure is
constructed;

forming a circuit pattern in the resist upper layer
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Tilm;

transferring the pattern to the organic
antireflective coating and the silicon-containing resist
middle layer film by etching while using the resist
upper layer film having the formed pattern as a mask;

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

further transferring the pattern to the body to be
processed by etching while using the organic film having

the transferred pattern as a mask.

[Claim 15] A patterning process comprising:

forming an organic film by using the material for
forming an organic film according to any one of claims 1
to 7 on a body to be processed;

forming an i1norganic hard mask middle layer film
selected from a silicon oxide film, a silicon nitride
film, a silicon oxynitride film, a titanium oxide film,
and a titanium nitride film on the organic film;

forming a resist upper layer film by using a
photoresist composition on the i1norganic hard mask
middle layer fTilm;

forming a circuit pattern in the resist upper layer
film;

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

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

further transferring the pattern to the body to be

processed by etching while using the organic film having
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the transferred pattern as a mask.

[Claim 16] A patterning process comprising:

forming an organic film by using the material for
forming an organic film according to any one of claims 1
to 7 on a body to be processed;

forming an i1norganic hard mask middle layer film
selected from a silicon oxide film, a silicon nitride
film, a silicon oxynitride film, a titanium oxide film,
and a titanium nitride film on the organic film;

forming an organic antireflective coating on the
inorganic hard mask middle layer film;

forming a resist upper layer film by using a
photoresist composition on the organic antireflective
coating, so that a 4-layered film structure is
constructed;

forming a circuit pattern in the resist upper layer
film;

transferring the pattern to the organic
antireflective coating and the inorganic hard mask
middle layer film by etching while using the resist
upper layer film having the formed pattern as a mask;

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

further transferring the pattern to the body to be
processed by etching while using the organic film having

the transferred pattern as a mask.
[Claim 17] The patterning process according to claim 15

or 16, wherein the inorganic hard mask middle layer film
is formed by a CVD method or an ALD method.
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[Claim 18] The patterning process according to any one
of claims 13 to 17, wherein the circuit pattern is
formed by a lithography using light with a wavelength of
10 nm or more to 300 nm or less, a direct drawing with

electron beam, nanoimprinting, or a combination thereof.

[Claim 19] The patterning process according to any one
of claims 13 to 18, wherein the circuit pattern is
developed by alkali development or with an organic

solvent.

[Claim 20] The patterning process according to any one
of claims 13 to 19, wherein the body to be processed is
a semiconductor device substrate or the semiconductor
device substrate coated with any of a metal film, a
metal carbide film, a metal oxide film, a metal nitride
film, a metal oxycarbide film, and a metal oxynitride
film.

[Claim 21] The patterning process according to claim 20,
wherein the body to be processed contains silicon,
titanium, tungsten, hafnium, zirconium, chromium,
germanium, copper, silver, gold, aluminum, indium,
gallium, arsenic, palladium, iron, tantalum, iridium,

cobalt, manganese, molybdenum, or an alloy thereof.

[Claim 22] A compound for forming an organic film,
represented by the following general formula (1A),

W1_€X1)n1 (1A)

wherein Wi represents an nl-valent organic group,
“nl” represents an integer of 2 to 4, and X: represents a
group represented by the following general formula (1B),
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0

0 (1B)
wherein “n2” represents 1 or 2, Ri represents any
of groups represented by the following formulae (1C),
the aromatic ring optionally has a substituent, and the
Ri1i, being a terminal structure, is optionally a

combination of two or more kinds.
R1= - -——— ——ECH:3 __}Q
\ (1C)

[Claim 23] The compound for forming an organic film
according to claim 22, being represented by the

following general formula (1D),

AN N
<X1>F©'_W2_'\/%X1 > N (103

wherein W. represents a single bond or a divalent
organic group, “n3” and “n4” each represent an integer
that satisfies 2 < n3+n4 < 4, the benzene rings in the
formula optionally have a substituent, the organic group
in the W2 and the substituent on the benzene ring are
optionally bonded to each other to form a cyclic organic

group, and X: 1s as defined above.

[Claim 24] The compound for forming an organic film
according to claim 23, wherein the W2 in the general
formula (1D) represents a single bond or any of groups

represented by the following formulae (1E),
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1l
W2= --0-- --§--- --C-- --CHZ“ -'CHQ_CHQ" --CH=CH-- __ﬁ--_

S5 N

wherein the aromatic rings optionally have a
substituent.

[Claim 25] The compound for forming an organic film
according to claim 23 or 24, wherein the “n3” and “n4”
in the general formula (1D) satisfy relationships 1 £ n3

<2, 1 <n4 £2, and 2 £ n3+n4 < 4.

[Claim 26] An aromatic carboxylic anhydride represented

by the following general formula (1F),

0]
Ny
O ar)

wherein “n2” represents 1 or 2, Ri represents any
of groups represented by the following formulae (1G),

the aromatic ring optionally has a substituent, and the
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Ri1, being a terminal structure, is optionally a

combination of two or more kinds.

R1= - e ——%CH3 ——}@
\ (16)
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