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(57) ABSTRACT

A compound for forming a metal-containing film to be
contained in a composition for forming a metal-containing
film used in manufacturing a semiconductor, where the
compound for forming a metal-containing film is repre-
sented by the following general formula (M-1) or (M-2).
This provides: a compound for forming a metal-containing
film having better dry etching resistance than conventional
resist underlayer film materials and also having high filling
and planarizing properties; a composition for forming a
metal-containing film containing the compound; a pattern-
ing process in which the composition is used as a resist
underlayer film material; a patterning process in which the
composition is used as a resist material; and a semiconductor
photoresist material containing the composition.
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COMPOUND FOR FORMING
METAL-CONTAINING FILM, COMPOSITION
FOR FORMING METAL-CONTAINING
FILM, PATTERNING PROCESS, AND
SEMICONDUCTOR PHOTORESIST
MATERIAL

TECHNICAL FIELD

[0001] The present invention relates to: a compound for
forming a metal-containing film; composition for forming a
metal-containing film containing the compound; a pattern-
ing process using the composition; and a semiconductor
photoresist material containing the composition.

BACKGROUND ART

[0002] As LSIs advance toward higher integration and
higher processing speed, miniaturization of pattern rule is
progressing rapidly. As a cutting-edge technology for min-
iaturization, ArF immersion lithography has been adopted
for mass-producing 45-nm node devices and smaller. In
addition to ArF immersion exposure, double exposure
(double patterning) processes have been put to practical use
in generations of 28-nm node devices and smaller, so that the
formation of narrow-pitch patterns that exceed the optical
limit has also become possible.

[0003] Furthermore, in the production of 20-nm node and
smaller devices, studies have been carried out on multiple
exposure (multi-patterning) processes for forming a pattern
with a narrower pitch by repeating exposure and etching
three or more times. However, multiple exposure processes
have an increased number of steps, and are faced with the
situation that costs rise considerably due to degradation in
productivity caused by longer time spent in manufacturing
and more frequent generation of defects.

[0004] In recent years, vacuum ultraviolet ray (EUV)
lithography with a wavelength of 13.5 nm is attracting
attention as an effective technology to replace a combination
of ArF immersion lithography and multiple exposure pro-
cess. By using this technology, it has become possible to
form a fine pattern with a half pitch of 25 nm or less in one
exposure.

[0005] Meanwhile, in EUV lithography, resist materials
are strongly required to have higher sensitivity to compen-
sate for insufficient output of a light source. However,
increase in shot noise accompanying higher sensitization
leads to increase in edge roughness (LER and LWR) of line
patterns, and compatibility of higher sensitization and low
edge roughness is given as an important problem in EUV
lithography.

[0006] As an attempt to achieve higher sensitivity of a
resist or to lower the influence of shot noise, it has been
considered in recent years to use a metal material in a resist
material. A compound that contains a metallic element such
as barium, titanium, hafnium, zirconium, or tin has a higher
absorbance of EUV light compared to an organic material
that does not contain metal, and improvement of photosen-
sitivity of resists and suppression of the influence of shot
noise can be expected. Furthermore, a metal-containing
resist pattern is expected to achieve a high-selectivity etch-
ing process by combining with an underlayer film made
from a non-metal material.

[0007] For example, resist materials with added metal salt
or organometallic complex disclosed in Patent Documents 1
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and 2 or non-chemically amplified resist materials that use
nanoparticles of metal oxide disclosed in Patent Documents
3 and 4 are considered.

[0008] In particular, molecules containing tin are excellent
in the absorption of an electron beam and an extreme
ultraviolet ray, and are actively researched. In the case of an
organotin polymer, which is one such molecule, alkyl ligand
is dissociated by light absorption or secondary electrons
produced thereby and crosslinked with adjacent chains
through an oxo bond, and thus enables the negative tone
patterning which may not be removed by an organic devel-
oping solution. This organic tin polymer can improve sen-
sitivity while maintaining a resolution and line edge rough-
ness, but has not yet reached the standards for commercial
availability (Patent Document 5). In addition, many prob-
lems still remain, such as insufficient storage stability
regarding change in resist sensitivity.

[0009] To solve the problems, there is also consideration
of development of the use of a material containing a metal
element, such as titanium, hafnium, zirconium, and tin, for
a resist underlayer film. There is no need for the improve-
ment for performance, such as the enhancement of exposure
sensitivity and the suppression of change in sensitivity in
storage environment, which are issues in resist materials
containing metal. In addition, it may be possible to provide
a resist underlayer film excellent in dry etching resistance
when the metal element is contained. Patent Document 6
reports that a material containing a Ti compound exhibits
excellent dry etching resistance to CHF;/CF ,-based gas and
CO,/N,-based gas.

[0010] On the other hand, filling property is a problem
when using a metal compound for a resist underlayer film.
Although there is no mention of filling property in Patent
Document 6, a metal oxide compound generally has large
thermal shrinkage during baking and induces remarkable
degradation of filling after baking at a high temperature.
Therefore, there is a concern that such a compound is
insufficient as a resist underlayer film material for which
high planarizing and filling properties and heat resistance are
required. Patent Document 7 reports that a metal compound
modified with a particular ligand has excellent filling prop-
erty. However, the baking temperature in the performed
filling property evaluation is a low temperature of 150° C.,
and there is a concern that the compound is insufficient as a
resist underlayer film, which requires heat resistance (for
example, resistance to a heat treatment that is performed
after the formation of a resist underlayer film in some cases).
Patent Document 8 provides a resist underlayer film material
excellent in filling property after baking at 400° C. by
mixing the metal compound reported in Patent Document 7
and an organic polymer having a particular structure. How-
ever, since the material is a mixed composition of a metal
compound which is inorganic and a polymer which is
organic, there are concerns for film formation defects, deg-
radation of storage stability, degradation of dry etching
resistance, etc. caused by compatibility failure.
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SUMMARY OF INVENTION
Technical Problem
[0019] The present invention has been made in view of the

above-described circumstances. An object of the present
invention is to provide: a compound for forming a metal-
containing film having better dry etching resistance than
conventional resist underlayer film materials and also having
high filling and planarizing properties; a composition for
forming a metal-containing film containing the compound; a
patterning process in which the composition is used as a
resist underlayer film material; a patterning process in which
the composition is used as a resist material; and a semicon-
ductor photoresist material containing the composition.

Solution to Problem

[0020] To achieve the object, the present invention pro-
vides a compound for forming a metal-containing film to be
contained in a composition for forming a metal-containing
film used in manufacturing a semiconductor, wherein the
compound for forming a metal-containing film is repre-
sented by the following general formula (M-1) or (M-2),

M-1)
T

T—Sn—T;

M-2)
T

T—5Sn—Q

wherein T,, T,, and T; represent the following general
formula (1) and are identical to or different from one
another; and Q represents a substituted or unsubstituted
alkyl group having 1 to 20 carbon atoms, a substituted or
unsubstituted cycloalkyl group having 3 to 20 carbon atoms,
a substituted or unsubstituted aliphatic unsaturated organic
group having 2 to 20 carbon atoms and having one or more
double bonds or triple bonds, a substituted or unsubstituted
aryl group having 6 to 30 carbon atoms, a substituted or
unsubstituted arylalkyl group having 7 to 31 carbon atoms,
or a combination of these groups,

0 0
*—O)I\X W),

wherein X represents a saturated divalent organic group
having 1 to 20 carbon atoms, an unsaturated divalent organic
group having 2 to 20 carbon atoms, a saturated trivalent
organic group having 1 to 20 carbon atoms, or an unsatu-

M
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rated trivalent organic group having 2 to 20 carbon atoms;
W represents the following general formula (1A); “p” rep-
resents 1 or 2; and “*” represents an attachment point to an

Sn atom,

W=*_Y{R4), (1A)

wherein Y represents a saturated divalent organic group
having 1 to 20 carbon atoms and optionally being substituted
with a heteroatom or an unsaturated divalent organic group
having 2 to 20 carbon atoms and optionally being substituted
with a heteroatom; R* represents a hydroxy group or a
structure represented by one of the following general for-
mulae (a-1) to (a-3); “h” represents 1 to 6; and “*” represents
an attachment point,

(a-1)

Ry

Y

R,
*
~o

(a-2)

(a-3)

N

Ry

wherein R, represents a hydrogen atom or a monovalent
o

organic group having 1 to 10 carbon atoms; “q” represents
0 or 1; and “*” represents an attachment point to Y.

[0021] Such a compound for forming a metal-containing
film has at least two organic groups shown by the general
formula (1), so that the compound for forming a metal-
containing film has excellent solvent solubility and excellent
heat resistance. In addition, the compound has a hydroxy
group or a crosslinking group having a structure shown by
one of the general formulae (a-1) to (a-3) at the end, so that
when the compound is used in a composition for forming a
metal-containing film, volume shrinkage during baking is
small. Furthermore, unlike tin-containing compounds for
forming a resist upper layer film such as those reported in
Patent Document 5, the inventive compound can provide a
resist underlayer film material that has excellent film-form-
ability and excellent planarizing and filling properties even
after high-temperature baking.

[0022] In the present invention, the W in the general
formula (1) preferably has a structure represented by the
following general formula (1B),

Ow R
*’( o

(1B)
Ra)s

N
*—Z— Ly ]

®R®),
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wherein R*! represents a structure represented by the gen-
eral formula (a-1); R** represents a hydroxy group or one of
the structures represented by the general formulae (a-2) and
(a-3); Z represents an oxygen atom or a secondary amine; L.
represents a divalent hydrocarbon group having 1 to 10
carbon atoms; R, represents a saturated divalent organic
group having 1 to 20 carbon atoms or an unsaturated
divalent organic group having 2 to 20 carbon atoms; “t”
represents 1 to 6; “s” represents 0 to 5; t+s is 1 or more and
6 or less; “r” represents 1 to 10; “u” represents O or 1; “m”
represents O or 1; and “*” represents an attachment point.
[0023] When the W has a structure shown by the general
formula (1B), thermal flowability of the compound for
forming a metal-containing film can be enhanced, so that
when the compound is contained in a composition for
forming a metal-containing film, it is possible to provide a
resist underlayer film material that exhibits better planariz-
ing and filling properties.

[0024] In the present invention, the X in the general
formula (1) preferably represents an unsaturated hydrocar-
bon having 2 to 20 carbon atoms.

[0025] When the X in the general formula (1) represents
an unsaturated hydrocarbon having 2 to 20 carbon atoms,
thermosetting property of the compound for forming a
metal-containing film can be improved further.

[0026] The compound for forming a metal-containing film
is preferably represented by the following general formula

)

@

W, 0 0 W
0 0
NI 0 0 N
\s/
Rb 1 Rb
/ N\
Q

wherein R® and R? represent a hydrogen atom or a monova-
lent organic group having 1 to 20 carbon atoms, R* and R”
optionally being bonded to each other to form a cyclic
substituent together with carbon atoms bonded thereto; and
Q and W are as defined above.

[0027] When the compound for forming a metal-contain-
ing film has such a structure, both high thermal flowability
and high thermosetting property can be achieved. When
such a compound is contained in a composition for forming
a metal-containing film, it is possible to provide a resist
underlayer film material that exhibits better planarizing and
filling properties.

[0028] Furthermore, in the present invention, the com-
pound for forming a metal-containing film preferably satis-
fies 1.00sMw/Mn=1.30, 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.

[0029] A compound for forming a metal-containing film
having dispersity of such a range has even better thermal
flowability, so that when the compound is contained in a
composition for forming a metal-containing film, not only is
it possible to fill favorably a fine structure formed on a
substrate, it is also possible to form a resist underlayer film
so that the entire substrate is flat.
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[0030] The present invention also provides a composition
for forming a metal-containing film, the composition func-
tioning as a resist underlayer film material and/or a resist
material used in manufacturing a semiconductor, the com-
position comprising: (A) the above-described compound for
forming a metal-containing film; and (B) an organic solvent.

[0031] Such a composition for forming a metal-containing
film contains an organotin compound excellent in heat
resistance and thermal flowability, and therefore, can pro-
vide a resist underlayer film material having better dry
etching resistance than conventional resist underlayer film
materials and also having high filling and planarizing prop-
erties. Furthermore, the composition contains tin atoms,
which are excellent in absorbance of electron beam and
extreme ultraviolet ray, so that when the composition is
contained in a resist material, it is possible to provide a resist
material having high sensitivity and high resolution particu-
larly in EUV and electron beam lithography.

[0032] In the present invention, the composition for form-
ing a metal-containing film may be usable as a resist
underlayer film used in a multilayer resist method, and the
composition can further comprise one or more of (C) a
crosslinking agent, (D) a high-boiling-point solvent, (E) a
surfactant, and (F) a flowability accelerator.

[0033] When the composition for forming a metal-con-
taining film contains one or more of the above additives, it
is possible to obtain a composition for forming a resist
underlayer film having better coating property, dry etching
resistance, and filling and planarizing properties.

[0034] In this event, the high-boiling-point solvent (D) is
preferably one or more kinds of organic solvent having a
boiling point of 180° C. or higher.

[0035] By imparting thermal flowability to the compound
for forming a metal-containing film by adding a high-
boiling-point solvent, the composition for forming a resist
underlayer film is provided with both high filling property
and high planarizing property.

[0036] In the present invention, the composition for form-
ing a metal-containing film can further comprise (G) metal
oxide nanoparticles having an average primary particle size
of 100 nm or less.

[0037] In this event, the metal oxide nanoparticles (G) are
preferably selected from the group consisting of zirconium
oxide nanoparticles, hafnium oxide nanoparticles, titanium
oxide nanoparticles, tin oxide nanoparticles, and tungsten
oxide nanoparticles.

[0038] When such metal oxide nanoparticles are con-
tained, the metal content in the composition can be increased
easily, and the dry etching resistance of the composition for
forming a resist underlayer film can be improved further.

[0039] The present invention also provides a patterning
process for forming a pattern in a substrate to be processed,
comprising the steps of:

[0040] (I-1) applying the above-described composition
for forming a metal-containing film onto a substrate to
be processed, followed by heating to form a metal-
containing film;

[0041] (I-2) forming a resist upper layer film on the
metal-containing film by using a photoresist material;

[0042] (I-3) subjecting the resist upper layer film to
pattern exposure and then development with a devel-
oper to form a pattern in the resist upper layer film;
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[0043] (I-4) transferring the pattern to the metal-con-
taining film by dry etching while using the resist upper
layer film having the formed pattern as a mask; and

[0044] (I-5) processing the substrate to be processed
while using the metal-containing film having the
formed pattern as a mask to form the pattern in the
substrate to be processed.

[0045] The patterning process by way of the two-layer
resist process makes it possible to form fine patterns on the
body to be processed (substrate to be processed).

[0046] The present invention also provides a patterning
process for forming a pattern in a substrate to be processed,
comprising the steps of:

[0047] (II-1) applying the above-described composition
for forming a metal-containing film onto a substrate to
be processed, followed by heating to form a metal-
containing film;

[0048] (II-2) forming a resist middle layer film on the
metal-containing film;

[0049] (II-3) forming a resist upper layer film on the
resist middle layer film by using a photoresist material;

[0050] (II-4) subjecting the resist upper layer film to
pattern exposure and then development with a devel-
oper to form a pattern in the resist upper layer film;

[0051] (II-5) transferring the pattern to the resist middle
layer film by dry etching while using the resist upper
layer film having the formed pattern as a mask;

[0052] (II-6) transferring the pattern to the metal-con-
taining film by dry etching while using the resist middle
layer film having the transferred pattern as a mask; and

[0053] (II-7) processing the substrate to be processed
while using the metal-containing film having the
formed pattern as a mask to form the pattern in the
substrate to be processed.

[0054] The patterning process by way of the three-layer
resist process makes it possible to form fine patterns on the
body to be processed with a high degree of accuracy.
[0055] The present invention also provides a patterning
process for forming a pattern in a substrate to be processed,
comprising the steps of:

[0056] (III-1) applying the above-described composi-
tion for forming a metal-containing film onto a sub-
strate to be processed, followed by heating to form a
metal-containing film;

[0057] (III-2) forming an inorganic hard mask middle
layer film selected from a silicon oxide film, a silicon
nitride film, and a silicon oxynitride film on the metal-
containing film;

[0058] (III-3) forming an organic thin film on the inor-
ganic hard mask middle layer film;

[0059] (III-4) forming a resist upper layer film on the
organic thin film by using a photoresist material;

[0060] (III-5) subjecting the resist upper layer film to
pattern exposure and then development with a devel-
oper to form a pattern in the resist upper layer film;

[0061] (III-6) transferring the pattern to the organic thin
film and the inorganic hard mask middle layer film by
dry etching while using the resist upper layer film
having the formed pattern as a mask;

[0062] (III-7) transferring the pattern to the metal-con-
taining film by dry etching while using the inorganic
hard mask middle layer film having the transferred
pattern as a mask; and
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[0063] (III-8) processing the substrate to be processed
while using the metal-containing film having the
formed pattern as a mask to form the pattern in the
substrate to be processed.

[0064] The patterning process by way of the four-layer
resist process makes it possible to form fine patterns on the
body to be processed with a high degree of accuracy.
[0065] In this event, the inorganic hard mask middle layer
film is preferably formed by a CVD method or an ALD
method.

[0066] When the inorganic hard mask middle layer film is
formed by a CVD method or an ALD method, a fine pattern
can be formed on a body to be processed with higher
accuracy.

[0067] The present invention also provides a patterning
process for forming a pattern in a substrate to be processed,
comprising the steps of:

[0068] (IV-1) forming a resist underlayer film on a
substrate to be processed;

[0069] (IV-2) applying the above-described composi-
tion for forming a metal-containing film onto the resist
underlayer film, followed by heating to form a metal-
containing film;

[0070] (IV-3) forming a resist upper layer film on the
metal-containing film by using a photoresist material;

[0071] (IV-4) subjecting the resist upper layer film to
pattern exposure and then development with a devel-
oper to form a pattern in the resist upper layer film;

[0072] (IV-5) transferring the pattern to the metal-con-
taining film by dry etching while using the resist upper
layer film having the formed pattern as a mask;

[0073] (IV-6) transferring the pattern to the resist under-
layer film by dry etching while using the metal-con-
taining film having the transferred pattern as a mask;
and

[0074] (IV-7) processing the substrate to be processed
while using the resist underlayer film having the
formed pattern as a mask to form the pattern in the
substrate to be processed.

[0075] The patterning process by way of the multilayer
resist process makes it possible to form fine patterns on the
body to be processed with a high degree of accuracy.
[0076] The present invention also provides a patterning
process for forming a pattern in a substrate to be processed,
comprising the steps of:

[0077] (V-1) forming a resist underlayer film on a
substrate to be processed;

[0078] (V-2) forming a resist middle layer film or a
combination of an inorganic hard mask middle layer
film selected from a silicon oxide film, a silicon nitride
film, and a silicon oxynitride film and an organic thin
film on the resist underlayer film;

[0079] (V-3) forming a resist upper layer film on the
resist middle layer film or the combination of the
inorganic hard mask middle layer film and the organic
thin film by using a photoresist material;

[0080] (V-4) subjecting the resist upper layer film to
pattern exposure and then development with a devel-
oper to form a pattern in the resist upper layer film;

[0081] (V-5) transferring the pattern to the resist middle
layer film or the organic thin film and the inorganic
hard mask middle layer film by dry etching while using
the resist upper layer film having the formed pattern as
a mask;
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[0082] (V-6) transferring the pattern to the resist under-
layer film by dry etching while using the resist middle
layer film or the inorganic hard mask middle layer film
having the transferred pattern as a mask;

[0083] (V-7) applying the above-described composition
for forming a metal-containing film onto the resist
underlayer film having the formed pattern, followed by
heating to cover the resist underlayer film with a
metal-containing film, thereby filling a space between
the resist underlayer film patterns with the metal-
containing film;

[0084] (V-8) etching back the metal-containing film
covering the resist underlayer film having the formed
pattern by a chemical stripper or dry etching to expose
an upper surface of the resist underlayer film having the
formed pattern;

[0085] (V-9) removing the resist middle layer film or the
inorganic hard mask middle layer film remaining on the
upper surface of the resist underlayer film by dry
etching;

[0086] (V-10) removing the resist underlayer film hav-
ing the formed pattern with its surface exposed by dry
etching to form a reverse pattern of an original pattern
on the metal-containing film; and

[0087] (V-11) processing the substrate to be processed
while using the metal-containing film having the
formed reverse pattern as a mask to form the reverse
pattern in the substrate to be processed.

[0088] The patterning process by way of the reverse
process makes it possible to form fine patterns on the body
to be processed with a higher degree of accuracy.

[0089] The present invention also provides a patterning
process comprising the steps of:

[0090] applying the above-described composition for
forming a metal-containing film onto a substrate, fol-
lowed by heating to form a resist film;

[0091] exposing the resist film to a high-energy beam;
and

[0092] developing the exposed resist film by using a
developer.

[0093] According to the inventive patterning processes
using the inventive compound for forming a metal-contain-
ing film as a semiconductor photoresist material, it is pos-
sible to form a pattern having small edge roughness and little
residue in a dissolved portion of the resist.

[0094] In this event, an organic solvent is preferably used
as the developer.

[0095] Furthermore, the developer is preferably one or
more organic solvents selected from 2-octanone,
2-nonanone, 2-heptanone, 3-heptanone, 4-heptanone,

2-hexanone, 3-hexanone, diisobutyl ketone, methylcyclo-
hexanone, acetophenone, methylacetophenone, propyl
acetate, butyl acetate, isobutyl acetate, pentyl acetate, bute-
nyl acetate, isopentyl acetate, propyl formate, butyl formate,
isobutyl formate, pentyl formate, isopentyl formate, methyl
valerate, methyl pentenoate, methyl crotonate, ethyl croto-
nate, methyl lactate, ethyl lactate, propyl lactate, butyl
lactate, isobutyl lactate, pentyl lactate, isopentyl lactate,
methyl 2-hydroxyisobutyrate, ethyl 2-hydroxyisobutyrate,
methyl benzoate, ethyl benzoate, phenyl acetate, benzyl
acetate, methyl phenylacetate, benzyl formate, phenylethyl
formate, methyl 3-phenylpropionate, benzyl propionate,
ethyl phenylacetate, and 2-phenylethyl acetate.
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[0096] In the present invention, such a developer can be
used suitably.
[0097] Furthermore, an extreme ultraviolet ray having a

wavelength of 3 to 15 nm or an electron beam having an
acceleration voltage of 1 to 250 kV is preferably used as the
high-energy beam.

[0098] The exposure is preferably carried out under such
conditions from viewpoints of sensitivity and resolution.
[0099] The present invention also provides a semiconduc-
tor photoresist material, wherein the semiconductor photo-
resist material is the above-described composition for form-
ing a metal-containing film further comprising (H) a photo-
acid generator.

[0100] Such a resist material is a metal-containing resist
material that has high sensitivity and high resolution par-
ticularly in EUV and electron beam lithography.

Advantageous Effects of Invention

[0101] As described above, the inventive compound for
forming a metal-containing film has at least two organic
groups represented by the general formula (1), and therefore,
the compound for forming a metal-containing film has
excellent solvent solubility and excellent thermal flowabil-
ity. In addition, since the compound has a hydroxy group or
a crosslinking group having a structure represented by one
of the general formulae (a-1) to (a-3) at the end, the
compound is also excellent in thermosetting property. There-
fore, when the compound is used for a composition for
forming a resist underlayer film, it is possible to provide a
resist underlayer film material whose volume shrinkage at
the time of baking is small, the material having excellent
film-formability and excellent planarizing and filling prop-
erties even after baking at a high temperature.

[0102] In particular, in a fine patterning process using a
multilayer resist method in a semiconductor device manu-
facturing process, filling is possible without causing defects
such as voids and peeling even on a substrate to be processed
having a portion that is difficult to fill and planarize, such as
a dense portion of a fine pattern structure having a high
aspect ratio exemplified by increasingly miniaturized
DRAM. In addition, the inventive compound has better dry
etching resistance than conventional coating-type organic
resist underlayer film materials, and therefore, a fine pattern
can be formed on a body to be processed with even higher
precision compared with an organic resist underlayer film.
[0103] A composition for forming a metal-containing film
containing the inventive compound for forming a metal-
containing film contains tin atoms, which have high light
absorbance, and therefore, has a sensitizing effect caused by
secondary electrons generated from the tin atoms during
exposure. Furthermore, tin atoms have a great atomic
weight, and therefore, have a high effect of suppressing the
diffusion of acid from an upper layer resist to a resist
underlayer film, and have a characteristic that higher sensi-
tivity can be achieved while sustaining the LWR perfor-
mance that the resist upper layer film originally has.
[0104] Moreover, the inventive compound for forming a
metal-containing film contains tin atoms, which have high
absorbance of light, and therefore, can also be used for a
semiconductor photoresist material. As explained above, the
inventive compound for forming a metal-containing film has
excellent curability, so that it is possible to provide a
metal-containing resist material having high sensitivity and
high resolution in EUV and electron beam lithography.
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BRIEF DESCRIPTION OF DRAWINGS

[0105] FIG. 1 is an explanatory view of an example
(three-layer resist process) of the patterning process of the
present invention.

[0106] FIG. 2 is an explanatory view of an example
(forming reverse SOC pattern of a three-layer resist process)
of the tone-reversal patterning process of the present inven-
tion.

[0107] FIG. 3 is an explanatory view of a method for
evaluating the filling property.

[0108] FIG. 4 is an explanatory view of a method for
evaluating the planarizing property.

[0109] FIG. 5 is a graph showing the evaluation of elec-
tron beam exposure.

DESCRIPTION OF EMBODIMENTS

[0110] As stated above, there have been demands for the
development of: a composition for forming a metal-contain-
ing film, excellent in filling property and planarization
property, used for forming a resist underlayer film that
makes it possible to transfer a resist pattern to a substrate to
be processed with higher precision in a fine patterning
process according to a multilayer resist method; and a
compound for forming a metal-containing film useful for the
composition.

[0111] The present inventors have focused on organotin
compounds, which are expected to play an active role in the
EUV-exposure generation, and studied earnestly. As stated
above, tin atoms, which greatly absorb light, have a sensi-
tizing effect due to secondary electrons generated from the
atoms during exposure, and have a characteristic that higher
sensitivity can be achieved while maintaining the LWR
performance that a resist upper layer film originally has. On
the other hand, organotin compounds, which are considered
as resist upper layer films, have poor heat resistance, and
undergo rapid volume shrinkage during baking. Therefore, it
is difficult to fill and planarize the steps of a substrate to be
processed after high-temperature baking. The present inven-
tors have considered that when an organic group excellent in
heat resistance is contained, rapid volume shrinkage at the
time of baking can be reduced and thermal flowability can
be improved, so that steps of a substrate to be processed can
be filled without voids being generated even after baking at
a high temperature. The present inventors have also assumed
that a compound for forming a metal-containing film having
a structure that contains a crosslinking group at a terminal
has excellent thermosetting property during baking, and
therefore, has better heat resistance.

[0112] The present inventors have studied earnestly fur-
ther, and found out that a compound for forming a metal-
containing film containing at least two organic groups
represented by the general formula (1) gives a composition
for forming a metal-containing film that can reduce sudden
volume shrinkage during baking since the composition has
excellent thermosetting property, can realize high filling and
planarizing properties since the composition also has favor-
able thermal flowability, can contribute to the improvement
of sensitivity while maintaining the LWR of an upper layer
resist since the composition contains tin atoms, and has
excellent dry etching resistance since alkyl ligand is disso-
ciated after high-temperature baking and forms SnO, by
crosslinking with adjacent chains through an oxo bond. The
present inventors have also found out that when the com-

Apr. 11, 2024

pound, which has excellent curability, is used in a resist
material, it is possible to provide a metal-containing resist
material having high sensitivity and high resolution in EUV
and electron beam lithography. Thus, the present invention
has been completed.

[0113] That is, the present invention is a compound for
forming a metal-containing film to be contained in a com-
position for forming a metal-containing film used in manu-
facturing a semiconductor, wherein the compound for form-
ing a metal-containing film is represented by the following
general formula (M-1) or (M-2),

M-1)
T,

TI_SH—T3

M-2)
T

T—Sn—Q

wherein T,, T,, and T; represent the following general
formula (1) and are identical to or different from one
another; and Q represents a substituted or unsubstituted
alkyl group having 1 to 20 carbon atoms, a substituted or
unsubstituted cycloalkyl group having 3 to 20 carbon atoms,
a substituted or unsubstituted aliphatic unsaturated organic
group having 2 to 20 carbon atoms and having one or more
double bonds or triple bonds, a substituted or unsubstituted
aryl group having 6 to 30 carbon atoms, a substituted or
unsubstituted arylalkyl group having 7 to 31 carbon atoms,
or a combination of these groups,

0 0
*—O)I\X W/

wherein X represents a saturated divalent organic group
having 1 to 20 carbon atoms, an unsaturated divalent organic
group having 2 to 20 carbon atoms, a saturated trivalent
organic group having 1 to 20 carbon atoms, or an unsatu-
rated trivalent organic group having 2 to 20 carbon atoms;
W represents the following general formula (1A); “p” rep-
resents 1 or 2; and “*” represents an attachment point to an

Sn atom,

M

W YR, (1)

wherein Y represents a saturated divalent organic group
having 1 to 20 carbon atoms and optionally being substituted
with a heteroatom or an unsaturated divalent organic group
having 2 to 20 carbon atoms and optionally being substituted
with a heteroatom; R* represents a hydroxy group or a
structure represented by one of the following general for-
mulae (a-1) to (a-3); “h” represents 1 to 6; and “*” represents
an attachment point,
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(a-1)

Ry

Ny

Ry
*
Yo

(a-2)

(a-3)

AN

Ry

wherein R, represents a hydrogen atom or a monovalent
organic group having 1 to 10 carbon atoms; “q” represents
0 or 1; and “*” represents an attachment point to Y.

[0114] Hereinafter, the present invention will be described

in detail, but the present invention is not limited thereto.

<Compound for Forming Metal-Containing Film>

[0115] The inventive compound for forming a metal-
containing film is represented by the following general
formula (M-1) or (M-2).

M-1)
T,

Tl_ SH—T3

M-2)
T,

T—Sh—Q

[0116] In the general formulae (M-1) and (M-2), T, T,,
and T; represent the following general formula (1) and are
identical to or different from one another; and Q represents
a substituted or unsubstituted alkyl group having 1 to 20
carbon atoms, a substituted or unsubstituted cycloalkyl
group having 3 to 20 carbon atoms, a substituted or unsub-
stituted aliphatic unsaturated organic group having 2 to 20
carbon atoms and having one or more double bonds or triple
bonds, a substituted or unsubstituted aryl group having 6 to
30 carbon atoms, a substituted or unsubstituted arylalkyl
group having 7 to 31 carbon atoms, or a combination of
these groups.

M

[0117] In the general formula (1), X represents a saturated
divalent organic group having 1 to 20 carbon atoms, an
unsaturated divalent organic group having 2 to 20 carbon
atoms, a saturated trivalent organic group having 1 to 20

Apr. 11, 2024

carbon atoms, or an unsaturated trivalent organic group
having 2 to 20 carbon atoms; W represents the following
general formula (1A); “p” represents 1 or 2; and “*”
represents an attachment point to an Sn atom.

W=*_Y{R4), (1A)

In the general formula (1A), Y represents a saturated diva-
lent organic group having 1 to 20 carbon atoms and option-
ally being substituted with a heteroatom or an unsaturated
divalent organic group having 2 to 20 carbon atoms and
optionally being substituted with a heteroatom; R* repre-
sents a hydroxy group or a structure represented by one of
the following general formulae (a-1) to (a-3); “h” represents
1 to 6; and “*” represents an attachment point.

(a-1)

Ry

Gy

R,
*
Yo

(a-2)

(a-3)

AN

Ry

[0118] Inthe general formulae (a-1) to (a-3), R, represents
a hydrogen atom or a monovalent organic group having 1 to
10 carbon atoms; “q” represents O or 1; and “*” represents
an attachment point to Y.

[0119] In the general formulae (M-1) and (M-2), T, T,,
and T represent the general formula (1) and are identical to
or different from one another. Q represents a substituted or
unsubstituted alkyl group having 1 to 20 carbon atoms, a
substituted or unsubstituted cycloalkyl group having 3 to 20
carbon atoms, a substituted or unsubstituted aliphatic
unsaturated organic group having 2 to 20 carbon atoms and
having one or more double bonds or triple bonds, a substi-
tuted or unsubstituted aryl group having 6 to 30 carbon
atoms, a substituted or unsubstituted arylalkyl group having
7 to 31 carbon atoms, or a combination of these groups. An
unsubstituted alkyl group having 1 to 20 carbon atoms is
preferable, and an n-butyl group is more preferable.
[0120] In the general formula (1), X represents a saturated
divalent organic group having 1 to 20 carbon atoms, an
unsaturated divalent organic group having 2 to 20 carbon
atoms, a saturated trivalent organic group having 1 to 20
carbon atoms, or an unsaturated trivalent organic group
having 2 to 20 carbon atoms. W represents the general
formula (1A). “p” represents 1 or 2, and from the viewpoint
of solvent solubility, preferably 1.

[0121] In the general formulae (M-1) and (M-2), T,, T,
and T represent the general formula (1), and are identical to
or different from one another. T,, T,, and T; may be a
compound having a different crosslinking group (a hydroxy
group or a structure represented by one of the general
formulae (a-1) to (a-3)) in the molecule. When a different
crosslinking group is present in the molecule, structures
having both a hydroxy group and one of the structures
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represented by the general formulae (a-1) to (a-3) are -continued
preferable. Such structures make it possible to provide a

compound for forming a metal-containing film having high

levels of both adhesiveness to a substrate and thermal
flowability.

[0122] Examples of preferable structures of the X in the /\{,

general formula (1) include the following structures.

* * *
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-continued
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[0123] ““*” represents an attachment point to the carbon
atom of a carbonyl group.

[0124] In the general formula (1A), Y represents a satu-
rated divalent organic group having 1 to 20 carbon atoms
and optionally being substituted with a heteroatom or an
unsaturated divalent organic group having 2 to 20 carbon
atoms and optionally being substituted with a heteroatom.
R represents a hydroxy group or a structure represented by
one of the general formulae (a-1) to (a-3). “h” represents 1
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to 6, preferably 1 to 2. Furthermore, a carbon atom of the
organic groups may be substituted with a heteroatom such as
an oxygen atom or a nitrogen atom.

[0125] Inthe general formulae (a-1) to (a-3), R, represents
a hydrogen atom or a monovalent organic group having 1 to
10 carbon atoms and “q” represents 0 or 1. As further
preferable structures, R, may represent a hydrogen atom, a
methyl group, or a phenyl group optionally having a sub-
stituent, and from the viewpoints of thermal flowability and
thermosetting property, a hydrogen atom is particularly
preferable.

[0126] A compound for forming a metal-containing film
having such a structure has at least two organic groups
represented by the general formula (1), so that the compound
for forming a metal-containing film has excellent solvent
solubility and excellent heat resistance. Furthermore, the
compound has a hydroxy group or a crosslinking group
having a structure represented by one of the general formu-
lae (a-1) to (a-3) at the end, so that rapid volume shrinkage
during baking can be reduced, and since thermal flowability
is also excellent, a resist underlayer film material having
excellent filling and planarizing properties can be provided.

[0127] A metal-containing film formed by using an
organotin compound generates radicals, while organic
groups bonded to Sn atoms via C atoms are dissociated
during baking. Radicals generated in this manner form
—Sn—O—S8n— bonds and initiate a condensation polym-
erization reaction. Thus, curing of a metal-containing film
progresses. Meanwhile, since organic groups are removed at
the time of the reaction, great film shrinkage occurs during
baking. However, since the above-described compound has
at least two organic groups represented by the general
formula (1) having a hydroxy group or a crosslinking group
having a structure represented by one of the general formu-
lae (a-1) to (a-3) at the compound terminal, so that pyrolysis
can be alleviated, and since thermal flowability is excellent,
a resist underlayer film material excellent in filling property
can be provided.

[0128] In the general formula (1), the W preferably has a
structure represented by the following general formula (1B).

(1B)

O\A\ R
* 4 r O/

R, )S
F—Z—Lym J
A2
r?)
[0129] In the general formula (1B), R*! represents a struc-

ture represented by the general formula (a-1); R** represents
a hydroxy group or one of the structures represented by the
general formulae (a-2) and (a-3); Z represents an oxygen
atom or a secondary amine; L represents a divalent hydro-
carbon group having 1 to 10 carbon atoms; R, represents a
saturated divalent organic group having 1 to 20 carbon
atoms or an unsaturated divalent organic group having 2 to
20 carbon atoms; “t” represents 1 to 6; “s” represents 0 to 5;
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10
t+s is 1 or more and 6 or less; “r” represents 1 to 10; “u” [0138] Specific examples of the organic groups bonded to
represents 0 or 1; “m” represents 0 or 1; and “*” represents the Sn of the compound represented by the general formula
an attachment point. (2) include the following structures, but are not limited
[0130] In the general formula (1B), R*' represents a struc- thereto.
ture represented by the general formula (a-1); R** represents
a hydroxy group or one of the structures represented by the
general formulae (a-2) and (a-3); Z represents an oxygen
atom or a secondary amine; L represents a divalent hydro- %@_\
carbon group having 1 to 10 carbon atoms; R, represents a \

saturated divalent organic group having 1 to 20 carbon *
atoms or an unsaturated divalent organic group having 2 to 0

ITaR

O
(€]
F
20 carbon atoms; “r” represents 1 to 10; “t” represents 1 to
oo . 2 O,
6; “s” represents 0 to 5; t+s is 1 or more and 6 or less; “u o
represents O or 1; and “m” represents 0 or 1. When “m” is Q < > \\
1, L is preferably methylene. As more preferable structures, * =
“r” can be 1 to 4, “t” can be 1 to 2, “s” can be 0 to 1, and 0
“m” can be 0. From the viewpoint of solvent solubility, “u” 0
is preferably 1. o
[0131] When W has the structure represented by the
general formula (1B), the thermal flowability of the com- ~ F
pound for forming a metal-containing film can be improved
further.
[0132] In the general formula (1), X preferably represents o g

an unsaturated hydrocarbon having 2 to 20 carbon atoms. 0 %
[0133] When the compound for forming a metal-contain- .

ing film has such a structure, thermosetting property can be \O

improved further.

[0134] The inventive compound for forming a metal-

containing film preferably has a structure represented by the

following general formula (2). O o
I Q A\
@ *\O/\H/I
W. (6] O, A%
(€]
F

(@] O
YN T * R
R /Sli R? \O \
Q Q 0

[0135] In the general formula (2), R* and R” represent a |
hydrogen atom or a monovalent organic group having 1 to o]
20 carbon atoms, R® and R? optionally being bonded to each 0 0. =
other to form a cyclic substituent together with carbon atoms . \/\

bonded thereto. Q and W are as defined above. \O P

[0136] In the general formula (2), R? and R represent a

hydrogen atom or a monozfalent organic group having 1 to

20 carbon atoms, R* and R” optionally being bonded to each o) 0

other to form a cyclic substituent together with carbon atoms O \/\O 7
bonded thereto. Q and W are as described in the general %

formula (1). In view of the availability of raw materials, R* \O

and R” represent a hydrogen atom in more preferable struc-
tures.

[0137] Depending on the structure represented by the

general formula (2), geometrical isomers (cis isomer and

trans isomer) regarding a double bond may exist in some

cases, and in such a case, the isomers will be represented by O

a single formula. No inconvenience arises regarding the * o \/\O
thermal flowability and thermosetting property of the inven- \O “

tive compound for forming a metal-containing film, either

when one of the isomers is used or when the isomers are O

used in combination.
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[0139] ““**” represents an attachment point to the Sn.
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-continued
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[0140] ““**” represents an attachment point to the Sn.

[0141] The Mw/Mn (that is, the dispersity) of the com-
pound for forming a metal-containing film is preferably
within the range of 1.00=sMw/Mn=1.30, further preferably
1.00=Mw/Mnx=1.10, where Mw is a weight-average molecu-
lar weight and Mn is a number-average molecular weight
measured by gel permeation chromatography in terms of
polystyrene. From the definition, Mw/Mn is 1.00 in the case
of'a monomolecular compound, but because of separation in
GPC, the measured value exceeds 1.00 in some cases.
Generally, it is extremely difficult to bring the Mw/Mn of a
polymer having a repeating unit close to 1.00 unless a
special polymerization method is used. Such a polymer has
a distribution of Mw, and Mw/Mn exceeds 1. In the present
invention, the range 1.00=sMw/Mn=<1.30 is defined as an
index to indicate monomerism in order to distinguish
between monomolecular compounds and polymers.

[0142] A compound for forming a metal-containing film
having dispersity within such a range has even better ther-
mal flowability, so that when the compound is contained in
a composition for forming a metal-containing film, not only
is it possible to fill favorably fine structures formed on a
substrate, it is also possible to form a resist underlayer film
to planarize the entire substrate.
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<Composition for Forming Metal-Containing Film>

[0143] The present invention also provides a composition
for forming a metal-containing film, the composition func-
tioning as a resist underlayer film material and/or a resist
material used in manufacturing a semiconductor, the com-
position containing: (A) the above-described compound for
forming a metal-containing film; and (B) an organic solvent.
[0144] Such a composition for forming a metal-containing
film contains an organotin compound having high levels of
both thermal flowability and thermosetting property, and
therefore, can provide a resist underlayer film material
having better dry etching resistance than conventional resist
underlayer film materials and also having high filling and
planarizing properties.

[0145] Moreover, the composition is excellent in curabil-
ity, so that when the composition is contained in a resist
material, it is possible to provide a metal-containing resist
material having high sensitivity and high resolution in EUV
and electron beam lithography.

[0146] In the following, the components contained in the
inventive composition for forming a metal-containing film
other than the compound (A) for forming a metal-containing
film will be described.

<(B) Organic Solvent>

[0147] The organic solvent (B) usable in the inventive
composition for forming a metal-containing film is not
particularly limited as long as the solvent can dissolve or
disperse the compound (A) for forming a metal-containing
film and, when contained, (C) a crosslinking agent, (D) a
high-boiling-point solvent, (E) a surfactant, (F) a flowability
accelerator, (G) metal oxide nanoparticles having an average
primary particle size of 100 nm or less, (H) a photo-acid
generator, other additives, etc. described below.

[0148] Specifically, an organic solvent disclosed in para-
graphs [0091] and [0092] in JP2007-199653A may be
contained. Furthermore, it is preferable to use propylene
glycol monomethyl ether acetate, propylene glycol monom-
ethyl ether, propylene glycol monoethyl ether, propylene
glycol monopropyl ether, 2-heptanone, cyclopentanone,
cyclohexanone, y-butyrolactone, or a mixture containing
one or more of these solvents.

[0149] The organic solvent is preferably contained in an
amount of 200 to 10,000 parts by mass, more preferably 250
to 5,000 parts by mass relative to 100 parts by mass of the
compound (A) for forming a metal-containing film.

<Composition for Forming Resist Underlayer Film>

[0150] When the composition for forming a metal-con-
taining film is usable as a resist underlayer film used in a
multilayer resist method, at least one kind of the compound
(A) for forming a metal-containing film and the organic
solvent (B) is contained, and as necessary, the composition
may contain additives such as a crosslinking agent (C), a
high-boiling-point solvent (D), a surfactant (E), a flowability
accelerator (F), and metal oxide nanoparticles (G) having an
average primary particle size of 100 nm or less. In the
present description, a composition for forming a metal-
containing film usable as a resist underlayer film used in a
multilayer resist method is also referred to as a composition
for forming a resist underlayer film.

[0151] In the following, the components contained in the
composition of the present invention for forming a resist
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underlayer film other than the compound (A) for forming a
metal-containing film and the organic solvent (B) will be
described.

<(D) High-Boiling-Point Solvent>

[0152] In the composition of the present invention for
forming a resist underlayer film, the organic solvent (B) may
be 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
((D) a high-boiling-point solvent).

[0153] The high-boiling-point solvent (D) is not particu-
larly limited to hydrocarbons, alcohols, ketones, esters,
ethers, or chlorine-based solvents as long as the solvent is
capable of dissolving or dispersing the components of the
inventive composition for forming a metal-containing film.
Specific examples include 1-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 gly-
col, triethylene glycol, tripropylene glycol, glycerin, n-nonyl
acetate, monohexyl ether, ethylene glycol mono-2-ethyl-
hexyl 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 glycol mono-
phenyl ether, diethylene glycol monobenzyl ether, diethyl-
ene glycol diethyl ether, diethylene glycol dibutyl ether,
diethylene glycol butyl methyl ether, triethylene glycol
dimethyl ether, triethylene glycol monomethyl ether, trieth-
ylene glycol-n-butyl ether, triethylene glycol butyl methyl
ether, tetraethylene glycol dimethyl ether, dipropylene gly-
col 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 mono-
ethyl ether acetate, diethylene glycol monobutyl ether
acetate, triacetin, propylene glycol diacetate, 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 diac-
etate, y-butyrolactone, methyl benzoate, ethyl benzoate,
propyl benzoate, butyl benzoate, dihexyl malonate, diethyl
succinate, dipropyl succinate, dibutyl succinate, dihexyl
succinate, dimethyl adipate, diethyl adipate, dibutyl adipate,
and the like. One of the solvents may be used or a mixture
of two or more kinds may be used.

[0154] The high-boiling-point solvent (D) may be selected
suitably from the solvents above, for example, depending on
the temperature at which the composition of the present
invention for forming a resist underlayer film is heat-treated,
etc. The boiling point of the high-boiling-point solvent is
preferably 180° C. to 300° C., further preferably 200° C. to
300° C. It is considered that when the boiling point is as
described, sufficient thermal flowability can be achieved at
the time of film formation, since there is no risk of excessive
evaporation rate at the baking (heating). Thus, it is possible
to form a resist underlayer film excellent in filling and
planarizing properties. Moreover, a solvent having such a
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boiling point does not remain in the film without evaporating
even after the baking. Therefore, there is no risk of the
solvent adversely affecting the physical properties, such as
etching resistance, of the film.

[0155] Furthermore, when the high-boiling-point solvent
(D) is used, the contained amount is preferably 1 to 30 parts
by mass per 100 parts by mass of the organic solvent (B),
having a boiling point lower than 180° C. When the con-
tained amount is as described, sufficient thermal flowability
can be imparted at the time of baking, so that the solvent
does not remain in the film and cause degradation in the
physical properties, such as etching resistance, of the film.
Therefore, such an amount is preferable.

[(C) Crosslinking Agent]

[0156] To increase the curability of the compound for
forming a metal-containing film and further inhibit inter-
mixing with the resist upper layer film, the composition of
the present invention for forming a resist underlayer film
may also contain a crosslinking agent (C). The crosslinking
agent (C) is not particularly limited, and various known
crosslinking agents can be widely used. Examples include
melamine-based crosslinking agents, acrylate-based cross-
linking agents, glycoluril-based crosslinking agents benzo-
guanamine-based crosslinking agents, urea-based crosslink-
ing agents, B-hydroxyalkylamide-based crosslinking agents,
isocyanurate-based crosslinking agents, aziridine-based
crosslinking agents, oxazoline-based crosslinking agents,
epoxy-based crosslinking agents, and phenol-based cross-
linking agents (e.g. polynuclear phenol-based, such as meth-
ylol or alkoxymethyl-based crosslinking agents). The cross-
linking agent (C) is preferably contained in an amount of 5
to 50 parts by mass, more preferably 10 to 40 parts by mass
relative to 100 parts by mass of the compound for forming
a metal-containing film (A).

[0157] Specific examples of the melamine-based cross-
linking agents include hexamethoxymethylated melamine,
hexabutoxymethylated melamine, alkoxy- and/or hydroxy-
substituted derivatives thereof, and partial self-condensates
thereof.

[0158] Specific examples of the acrylate-based crosslink-
ing agents include dipentaerythritol hexaacrylate.

[0159] Specific examples of the glycoluril-based cross-
linking agents include tetramethoxymethylated glycoluril,
tetrabutoxymethylated glycoluril, alkoxy- and/or hydroxy-
substituted derivatives thereof, and partial self-condensates
thereof.

[0160] Specific examples of the benzoguanamine-based
crosslinking agents include tetramethoxymethylated benzo-
guanamine,  tetrabutoxymethylated  benzoguanamine,
alkoxy- and/or hydroxy-substituted derivatives thereof, and
partial self-condensates thereof.

[0161] Specific examples of the urea-based crosslinking
agents include dimethoxymethylated dimethoxyethyl-
eneurea, alkoxy- and/or hydroxy-substituted derivatives
thereof, and partial self-condensates thereof.

[0162] Specific examples of the f-hydroxyalkylamide-
based crosslinking agent include N,N,N'N'-tetra(2-hy-
droxyethyl)adipic acid amide.

[0163] Specific examples of the isocyanurate-based cross-
linking agents include triglycidyl isocyanurate and triallyl
isocyanurate.
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[0164] Specific examples of the aziridine-based crosslink-
ing agents include 4,4'-bis(ethyleneiminocarbonylamino)di-
phenylmethane and 2,2-bishydroxymethylbutanol-tris[3-(1-
aziridinyl)propionate].

[0165] Specific examples of the oxazoline-based cross-
linking agents include 2,2'-isopropylidene bis(4-benzyl-2-
oxazoline), 2,2'-isopropylidene bis(4-phenyl-2-oxazoline),
2,2'-methylene bis-4,5-diphenyl-2-oxazoline, 2,2'-methyl-
ene bis-4-phenyl-2-oxazoline, 2,2'-methylene bis-4-tert-
butyl-2-oxazoline, 2,2'-bis(2-oxazoline), 1,3-phenylene bis
(2-oxazoline), 1,4-phenylene bis(2-oxazoline), and a
2-isopropenyloxazoline copolymer.

[0166] Specific examples of the epoxy-based crosslinking
agents include diglycidyl ether, ethylene glycol diglycidyl
ether, 1,4-butanediol diglycidyl ether, 1,4-cyclohexane
dimethanol diglycidyl ether, poly(glycidyl methacrylate),
trimethylolethane triglycidyl ether, trimethylolpropane tri-
glycidyl ether, and pentaerythritol tetraglycidyl ether.

[0167] Specific examples of the polynuclear phenol-based
crosslinking agents include compounds represented by the
following general formula (XL-1).

(XL-1)
ORs

OR.
3‘1

[0168] In the formula, Q represents a single bond or
g-valent hydrocarbon group having 1 to 20 carbon atoms. R,
represents a hydrogen atom or an alkyl group having 1 to 20
carbon atoms. “q” represents an integer of 1 to 5. The

symbols are applied only to this formula.

[0169] Q represents a single bond or a hydrocarbon group
having a valency of “q” and having 1 to 20 carbon atoms.

[Tt

q” represents an integer of 1 to 5, preferably 2 or 3. Specific
examples of Q include groups obtained by removing “q”
hydrogen atoms from methane, ethane, propane, butane,
isobutane, pentane, cyclopentane, hexane, cyclohexane,
methylpentane, methylcyclohexane, dimethylcyclohexane,
trimethylcyclohexane, benzene, toluene, xylene, ethylben-
zene, ethylisopropylbenzene, diisopropylbenzene, methyl-
naphthalene, ethylnaphthalene, and eicosane. R, represents
a hydrogen atom or an alkyl group having 1 to 20 carbon
atoms. Specific examples of the alkyl group having 1 to 20
carbon atoms include a methyl group, an ethyl group, a
propyl group, an isopropyl group, a butyl group, an isobutyl
group, a pentyl group, an isopentyl group, a hexyl group, an
octyl group, an ethylhexyl group, a decyl group, and an
eicosanyl group. Among these, a hydrogen atom or a methyl
group is preferable.

[0170] Specific examples of the compounds represented
by the general formula (XL-1) include the following com-
pounds. Among these, triphenolmethane, triphenolethane,
1,1,1,-tris(4-hydroxyphenyl)ethane, and a hexamethoxym-
ethylated derivative of tris(4-hydroxyphenyl)-1-ethyl-4-iso-
propylbenzene are preferable from the viewpoint of improv-
ing the curability and film thickness uniformity of the
organic film. R; is as defined above.
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<(E) Surfactant>

[0171] A surfactant (E) may be contained in the compo-
sition for forming a resist underlayer film of the present
invention in order to improve coating property in spin-
coating. Examples of the surfactant include those disclosed
in paragraphs [0142] to [0147] of JP2009-269953 A. When
the surfactant is contained, the contained amount is prefer-
ably 0.01 to 10 parts by mass, more preferably 0.05 to 5 parts
by mass per 100 parts by mass of the compound (A) for
forming a metal-containing film.

<(F) Flowability Accelerator>

[0172] Another compound or polymer may be further
blended in the composition for forming a resist underlayer
film of the present invention. The flowability accelerator (F)
is mixed with the inventive compound for forming a metal-
containing film and serves to improve the film-formability
by spin-coating and the filling property for a stepped sub-
strate. Furthermore, as the flowability accelerator (F), a
material having a high density of carbon atoms and high
etching resistance is preferable.

[0173] Examples of such a material include novolak resins
of phenol, o-cresol, m-cresol, p-cresol, 2,3-dimethyl phenol,
2,5-dimethylphenol, 3,4-dimethylphenol, 3,5-dimethylphe-
nol, 2.4-dimethylphenol, 2,6-dimethylphenol, 2.3,5-trimeth-
ylphenol, 3,4,5-trimethylphenol, 2-tert-butylphenol, 3-tert-
butylphenol, 4-tert-butylphenol, 2-phenylphenol,
3-phenylphenol,  4-phenylphenol, 3,5-diphenylphenol,
2-naphthylphenol, 3-naphthylphenol, 4-naphthylphenol,
4-tritylphenol, resorcinol, 2-methylresorcinol, 4-methylre-
sorcinol, 5-methylresorcinol, catechol, 4-tert-butylcatechol,
2-methoxyphenol,  3-methoxyphenol,  2-propylphenol,
3-propylphenol, 4-propylphenol, 2-isopropylphenol, 3-iso-
propylphenol, 4-isopropylphenol, 2-methoxy-5-methylphe-
nol, 2-tert-butyl-5-methylphenol, pyrogallol, thymol, iso-
thymol, 4,4'-(9H-fluorene-9-ylidene)bisphenol, 2,2'-
dimethyl-4,4'-(9H-fluorene-9-ylidene)bisphenol, 2,2'-
diallyl-4,4'-(9H-fluorene-9-ylidene)bisphenol, 2,2'-difluoro-
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4.,4'-(9H-fluorene-9-ylidene)bisphenol, 2,2'-diphenyl-4,4'-
(9H-fluorene-9-ylidene)bisphenol, 2,2'-dimethoxy-4,4'-(9H-
fluorene-9-ylidene)bisphenol, 2,3,2' 3'-tetrahydro-(1,1")-
spirobiindene-6,6'-diol, 3,3,3"3'-tetramethyl-2,3,2',3'-
tetrahydro-(1,1")-spirobiindene-6,6'-diol, 3,3,3'.,3'.4,4'-
hexamethyl-2,3,2',3'-tetrahydro-(1,1')-spirobiindene-6,
6'-diol,  2,3,2'.3'-tetrahydro-(1,1")-spirobiindene-5,5'-diol,
5,5'-dimethyl-3,3,3',3'-tetramethyl-2,3,2',3'-tetrahydro-(1,
19-spirobiindene-6,6'-diol, 1-naphthol, 2-naphthol,
2-methyl-1-naphthol, 4-methoxy-1-naphthol, and
7-methoxy-2-naphthol, dihydroxynaphthalene such as 1,5-
dihydroxynaphthalene, 1,7-dihydroxynaphthalene, and 2,6-
dihydroxynaphthalene,  methyl-3-hydroxynaphthalene-2-
carboxylate, indene, hydroxyindene, benzofuran,
hydroxyanthracene, acenaphthylene, biphenyl, bisphenol,
trisphenol, dicyclopentadiene, tetrahydroindene, 4-vinylcy-
clohexene, norbornadiene, S-vinylnorborna-2-ene,
a-pinene, -pinene, or limonene; polyhydroxystyrene, poly-
styrene, polyvinylnaphthalene, polyvinylanthracene, polyvi-
nylcarbazole, polyindene, polyacenaphthylene, polynor-
bornene, polycyclodecene, polytetracyclododecene,
polynortricyclene, poly(meth)acrylate, and copolymers
thereof. In addition, the composition may contain a naphthol
dicyclopentadiene copolymer disclosed in JP2004-
205685A, a fluorene bisphenol novolak resin disclosed in
JP2005-128509A, an acenaphthylene copolymer disclosed
in JP2005-250434A, fullerene having a phenolic group
disclosed in JP2006-227391A, a bisphenol compound and a
novolak resin thereof disclosed in JP2006-293298A, an
adamantane phenol compound and a novolak resin thereof
disclosed in JP2006-285095 A, a bisnaphthol compound and
a novolak resin thereof disclosed in JP2010-122656A, a
fluorene compound disclosed in JP2017-119671A, a fuller-
ene resin compound disclosed in JP2008-158002A, and the
like. The flowability accelerator (F) is preferably contained
in an amount of 0.001 to 100 parts by mass, more preferably
0.01 to 50 parts by mass based on 100 parts by mass of the
inventive compound (A) for forming a metal-containing
film.

[0174] In addition, in the composition for forming a resist
underlayer film of the present invention, it is preferable to
use, as an additive for imparting filling and planarizing
properties, for example, a liquid additive having a polyeth-
ylene glycol or polypropylene glycol structure, or a thermo-
decomposable polymer having a weight reduction rate of
40% by mass or more at 30° C. to 250° C. and a weight-
average molecular weight of 300 to 200,000. This thermo-
decomposable polymer preferably contains a repeating unit
having an acetal structure represented by the following
general formula (DP1) or (DP1la).

{4

[0175] In the formula, R, represents a hydrogen atom or a
substituted or unsubstituted, saturated or unsaturated mon-
ovalent organic group having 1 to 30 carbon atoms. Y'
represents a saturated or unsaturated divalent organic group
having 2 to 30 carbon atoms.

(DP1)
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(DP1a)
Rﬁll
o
no”” 40 o~ \)KOH

[0176] In the formula, R,, represents an alkyl group hav-
ing 1 to 4 carbon atoms. Y? represents a saturated or
unsaturated divalent hydrocarbon group having 4 to 10
carbon atoms and optionally having an ether bond. “n”
represents an average repeating unit number of 3 to 500.

<((G) Metal Oxide Nanoparticles>

[0177] The composition for forming a resist underlayer
film of the present invention can also contain metal oxide
nanoparticles (G) in order to improve dry etching resistance
further. Specifically, metal oxide nanoparticles selected from
the group consisting of zirconium oxide nanoparticles, haf-
nium oxide nanoparticles, titanium oxide nanoparticles, tin
oxide nanoparticles, and tungsten oxide nanoparticles are
preferable.

[0178] By selecting such metal oxide nanoparticles, it is
possible to form a metal-containing film having better dry
etching resistance.

[0179] The metal oxide nanoparticles (G) preferably has
an average primary particle size of 100 nm or less, more
preferably an average primary particle size of 50 nm or less,
further preferably an average primary particle size of 30 nm
or less, and particularly preferably 15 nm or less. The
average primary particle size of the metal oxide nanopar-
ticles before being dispersed in an organic solvent can be
determined by a method of measuring the size of primary
particles directly from an electron microscope photograph.
Specifically, the minor axis diameter and the major axis
diameter of each primary particle are measured, and the
average of the values is defined as the particle size of the
particle. Then, for 100 or more particles, the volume (mass)
of each particle is approximated to a cuboid of the deter-
mined particle size, and this volume average particle size is
determined as the average particle size. Identical results can
be obtained when any of a transmission type electron
microscope (TEM), a scanning type electron microscope
(SEM), and a scanning transmission type electron micro-
scope (STEM) are used.

[0180] When the particle size is within such ranges, the
particles can exhibit excellent dispersity in a composition for
forming a resist underlayer film, and can enhance the dry
etching resistance of a metal-containing film without caus-
ing the degradation of filling and planarizing properties in
dense portions of a fine pattern structure.

<Acid Generator>

[0181] An acid generator may be contained in the com-
position for forming a resist underlayer film of the present
invention in order to promote the curing reaction of the
compound (A) for forming a metal-containing film further.
The acid generator can be classified into those that generate
an acid by thermal decomposition and those that generate an
acid by optical irradiation; however, any acid generator can
be added. Specific examples of the acid generator include,
but are not limited to, the materials disclosed in paragraphs
[0061] to [0085] of JP2007-199653A.
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[0182] One kind of the acid generator can be used, or two
or more kinds can be used in combination. When an acid
generator is contained, the contained amount is preferably
0.05 to 50 parts by mass, more preferably 0.1 to 10 parts by
mass relative to 100 parts by mass of the compound (A) for
forming a metal-containing film.

<Semiconductor Photoresist Material>

[0183] The present invention can also provide a semicon-
ductor photoresist material containing a composition for
forming a metal-containing film containing the compound
(A) for forming a metal-containing film and an organic
solvent (B).

[0184] When the composition is a composition for form-
ing a metal-containing film usable as a resist material, one
or more kinds of the compound (A) for forming a metal-
containing film and an organic solvent (B) are contained,
and as necessary, the composition can also contain an
additive, such as a photo-acid generator (H), a surfactant,
and a quencher.

[0185] In the following, the components contained in the
inventive semiconductor photoresist material other than the
compound (A) for forming a metal-containing film and the
organic solvent (B) will be described.

[0186] As the photo-acid generator (H), the material may
contain, for example, a compound (photo-acid generator)
that generates an acid in response to actinic light or radia-
tion. The photo-acid generator can be any compound as long
as the compound generates an acid upon irradiation with a
high-energy beam. Suitable examples of the photo-acid
generator include sulfonium salts, iodonium salts, sulfonyl-
diazomethane, N-sulfonyloxyimide, and oxime-O-sulfonate
acid generators. Specific examples of acid generators
include those disclosed in paragraphs [0122] to [0142] of
JP2008-111103A, JP2009-080474A, JP2015-026064 A, and
paragraphs [0056] to [0068] of JP2021-039171A. One of
these acid generators may be used or two or more thereof
may be used in combination. When an acid generator is
contained, the contained amount is preferably 0.1 to 50 parts
by mass relative to 100 parts by mass of the compound (A)
for forming a metal-containing film.

[0187] As the quencher, the material may contain, for
example, a compound having a basicity for neutralizing the
acid generated from the photo-acid generator (H). Contain-
ing a quencher makes it possible to adjust sensitivity, and is
also effective for preventing a resist film in unexposed
regions and low-exposure regions from becoming insoluble
and for suppressing the generation of residue. Examples of
suitable quenchers include nitrogen-containing compounds
such as primary, secondary, and tertiary aliphatic amines,
mixed amines, aromatic amines, heterocyclic amines, nitro-
gen-containing compounds having a carboxy group(s),
nitrogen-containing compounds having a sulfonyl group(s),
nitrogen-containing compounds having a hydroxy group(s),
nitrogen-containing compounds having a hydroxyphenyl
group(s), alcoholic nitrogen-containing compounds, amides,
imides, and carbamates. Specific examples of the quenchers
include those disclosed in paragraphs [0072] to [0086] of
JP2021-039171A. One of these quenchers may be used, or
two or more thereof may be used in combination. When a
quencher is contained, the contained amount is preferably
0.001 to 5 parts by mass, particularly preferably 0.01 to 3
parts by mass based on 100 parts by mass of the compound
(A) for forming a metal-containing film. When the contained
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amount is 0.001 parts by mass or more, sufficient blending
effect can be achieved, and when the amount is 5 parts by
mass or less, there is no risk of sensitivity being degraded.
[0188] Furthermore, the resist material of the present
invention can also contain a surfactant as necessary. Spe-
cifically, a surfactant similar to the surfactant in the com-
position for forming a resist underlayer film can be used as
such a surfactant. When a surfactant is contained, the
contained amount is preferably 0.01 to 5 parts by mass based
on 100 parts by mass of the compound (A) for forming a
metal-containing film.

<Method for Forming Resist Underlayer Film>

[0189] In the present invention, it is possible to form, by
using the above-described composition for forming a metal-
containing film, a resist underlayer film of a multilayer resist
film used in lithography or a filling film that serves as a
planarizing film for the manufacture of semiconductor.
[0190] In the method for forming a resist underlayer film
by using the inventive composition for forming a metal-
containing film, the substrate to be processed is coated with
the above-described composition for forming a metal-con-
taining film by a spin-coating method or the like. Using the
spin-coating method or the like ensures a desirable filling
property. After spin-coating, baking (heating) is performed
s0 as to evaporate the solvent and promote a crosslinking
reaction to prevent mixing of the resist upper layer film and
the resist middle layer film. The baking is preferably per-
formed at a temperature of 100° C. or higher and 600° C. or
lower for 10 to 600 seconds, more preferably at a tempera-
ture of 200° C. or higher and 500° C. or lower for 10 to 300
seconds. In consideration of influences on device damage,
wafer deformation, and the like, the upper limit of the
heating temperature in the wafer process of lithography is
preferably not more than 600° C., and more preferably not
more than 500° C.

[0191] In the method for forming a resist underlayer film
where the inventive composition for forming a metal-con-
taining film is used, a substrate to be processed may also be
coated with the inventive composition for forming a metal-
containing film by spin-coating or the like in the same
manner as described above, and then the composition for
forming a metal-containing film may be baked and cured
under an atmosphere having an oxygen concentration of 0.1
volume % or more and 21 volume % or less to form a
metal-containing film.

[0192] By baking the inventive composition for forming a
metal-containing film in such an oxygen atmosphere, a
sufficiently cured film can be obtained. The atmosphere
during baking may be air; however, to prevent oxidation of
the metal-containing film, it is preferable to enclose an inert
gas, such as N,, Ar, or He, therein to reduce the amount of
oxygen. Control of oxygen concentration is necessary to
prevent oxidation; the oxygen concentration is preferably
1000 ppm or less, more preferably 100 ppm or less (volu-
metric basis). By thus preventing oxidation of the metal-
containing film during the baking, the absorption does not
increase and the etching resistance does not decrease, which
is preferable.

<Patterning Process Using Composition for Forming
Metal-Containing Film>

[0193] The present invention provides, as a patterning
process according to a two-layer resist process using the
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above-described composition for forming a metal-contain-
ing film, the patterning process including:

[0194] forming a metal-containing film on a substrate to
be processed by using the composition for forming a
metal-containing film;

[0195] forming a resist upper layer film on the metal-
containing film by using a photoresist material;

[0196] subjecting the resist upper layer film to pattern
exposure and then development with a developer to
form a pattern in the resist upper layer film;

[0197] transferring the pattern to the metal-containing
film by dry etching while using the resist upper layer
film having the formed pattern as a mask; and

[0198] processing the substrate to be processed while
using the metal-containing film having the formed
pattern as a mask to form the pattern in the substrate to
be processed.

[0199] The resist upper layer film in the two-layer resist
process described above exhibits etching resistance with
respect to chlorine-based gas. Therefore, the dry etching of
the metal-containing film that is performed while using the
resist upper layer film as a mask in the two-layer resist
process is preferably performed using an etching gas mainly
containing a chlorine-based gas.

[0200] With reference to FIG. 1, a patterning process
according to a three-layer resist process will be described.
The present invention provides, as a patterning process
according to a three-layer resist process using such a com-
position for forming a metal-containing film, the patterning
process including:

[0201] forming a metal-containing film 3 on a layer 2 to
be processed on a substrate 1 to be processed by using
the composition for forming a metal-containing film,
forming a resist middle layer film 4 on the metal-
containing film by using a resist middle layer film
material, and forming a resist upper layer film 5 on the
resist middle layer film by using a photoresist material
as in FIG. 1(A);

[0202] subsequently subjecting an exposure portion 6 of
the resist upper layer film to pattern exposure as in FIG.
1(B) and then development with a developer to form a
resist upper layer film pattern 5a in the resist upper
layer film as in FIG. 1(C);

[0203] transferring a resist middle layer film pattern 4a
to the resist middle layer film by dry etching while
using the resist upper layer film having the formed
pattern as a mask as in FIG. 1(D);

[0204] transferring a metal-containing film pattern 3a to
the metal-containing film by dry etching while using
the resist middle layer film having the transferred
pattern as a mask as in FIG. 1(E); and

[0205] processing the layer to be processed on the
substrate to be processed while using the metal-con-
taining film having the formed pattern as a mask to
form a pattern 2a on the substrate to be processed 1 as
in FIG. 1(F).

[0206] Examples of the resist middle layer film in the
three-layer resist process include a silicon-containing resist
middle layer film. The silicon-containing resist middle layer
film exhibits etching resistance with respect to a chlorine-
based gas and a hydrogen-based gas. Therefore, the dry
etching of the metal-containing film that is performed while
using the silicon-containing resist middle layer film as a
mask in the three-layer resist process is preferably per-
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formed using an etching gas mainly containing a chlorine-
based gas or a hydrogen-based gas.

[0207] As the silicon-containing resist middle layer film in
the three-layer resist process, a polysiloxane-based middle
layer film is also preferably used. This allows the silicon-
containing resist middle layer film to possess an effect as an
antireflective film, thereby suppressing reflection. When a
material containing many aromatic groups and having a high
etching selectivity with respect to the substrate is used as the
organic film especially for 193-nm exposure, the k-value
increases and thus the substrate reflection increases; how-
ever, the reflection can be suppressed by imparting absorp-
tion so that the silicon-containing resist middle layer film
has an appropriate k-value. In this manner, the substrate
reflection can be reduced to 0.5% or less. Preferably used as
the silicon-containing resist middle layer film having an
antireflective effect is a polysiloxane, which has a pendant
anthracene for exposure at 248 nm or 157 nm, or a pendant
phenyl group or a pendant light-absorbing group having a
silicon-silicon bond for 193 nm exposure, and which is
crosslinked by an acid or heat.
[0208] In addition, the present invention provides a pat-
terning process by way of a four-layer resist process using
such a composition for forming a metal-containing film, the
patterning process including the steps of:
[0209] forming a metal-containing film on a substrate to
be processed by using the above-described composition
for forming a metal-containing film;

[0210] forming a silicon-containing resist middle layer
film on the metal-containing film by using a silicon-
containing resist middle layer film material;

[0211] forming an organic antireflective film (BARC)
or an adhesive film on the silicon-containing resist
middle layer film;

[0212] forming a resist upper layer film on the BARC or
the adhesive film by using a photoresist material;

[0213] subjecting the resist upper layer film to pattern
exposure and then development with a developer,
thereby forming a pattern in the resist upper layer film;

[0214] transferring the pattern to the BARC or the
adhesive film and the silicon-containing resist middle
layer film by dry etching while using the resist upper
layer film having the formed pattern as a mask;

[0215] transferring the pattern to the metal-containing
film by dry etching while using the silicon-containing
resist middle layer film having the transferred pattern as
a mask; and

[0216] processing the substrate to be processed while
using the metal-containing film having the formed
pattern as a mask, thereby forming the pattern in the
substrate to be processed.

[0217] Alternatively, an inorganic hard mask middle layer
film may be formed instead of the silicon-containing resist
middle layer film. In this case, a semiconductor device
circuit pattern can be formed on a substrate, at least, by:

[0218] forming a metal-containing film on a body to be
processed by using the inventive composition for form-
ing a metal-containing film;

[0219] forming an inorganic hard mask middle layer
film selected from a silicon oxide film, a silicon nitride
film, and a silicon oxynitride film on the metal-con-
taining film;
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[0220] forming a resist upper layer film on the inorganic
hard mask middle layer film by using a photoresist
composition;

[0221] forming a circuit pattern in the resist upper layer
film;
[0222] etching the inorganic hard mask middle layer

film while using the resist upper layer film having the
formed pattern as a mask;

[0223] etching the metal-containing film while using
the inorganic hard mask middle layer film having the
formed pattern as a mask; and

[0224] furthermore, etching the body to be processed
while using the metal-containing film having the
formed pattern as a mask to form the pattern in the body
to be processed.

[0225] As described above, when the inorganic hard mask
middle layer film is formed on the metal-containing film, a
silicon oxide film, a silicon nitride film, and a silicon
oxynitride film (SiON film) can be formed by a CVD
method, an ALD method, etc. The method for forming the
silicon nitride film is disclosed, for example, in JP2002-
334869A and W0O2004/066377A1. The film thickness of the
inorganic hard mask is preferably 5 to 200 nm, more
preferably 10 to 100 nm. The SiON film, which has a high
function as an antireflective film, is the most preferably used
as the inorganic hard mask. Since the substrate temperature
increases to 300 to 500° C. when the SiON film is formed,
the metal-containing film needs to withstand a temperature
of 300 to 500° C. The composition for forming a metal-
containing film used in the present invention has high heat
resistance and can withstand a high temperature of 300 to
500° C. Thus, the metal-containing film formed by spin-
coating and the inorganic hard mask middle layer film
formed by the CVD method or the ALD method can be
combined.

[0226] A photoresist film may be formed on the inorganic
hard mask middle layer film as the resist upper layer film as
described above. Alternatively, an organic antireflective film
(BARC) or an adhesive film may be formed on the inorganic
hard mask middle layer film by spin-coating, and a photo-
resist film may be formed thereon. In particular, when a
SiON film is used as the inorganic hard mask, the reflection
can be suppressed by the two antireflective films, i.e., the
SiON film and the BARC film, even in liquid immersion
exposure at a high NA exceeding 1.0. Another merit of
forming BARC resides in that it has an effect to reduce a
footing profile of a photoresist pattern immediately above
the SiON film.
[0227] In addition, the present invention provides a pat-
terning process according to a multilayer resist process using
such a composition for forming a metal-containing film. In
this case, a semiconductor device circuit pattern can be
formed on a substrate in the following manner:
[0228] forming a resist underlayer film on a substrate to
be processed;
[0229] applying the inventive composition for forming
a metal-containing film onto the resist underlayer film
and then heating to form a metal-containing film;
[0230] forming a resist upper layer film on the metal-
containing film by using a photoresist material;
[0231] subjecting the resist upper layer film to pattern
exposure and then development with a developer to
form a pattern in the resist upper layer film;
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[0232] transferring the pattern to the metal-containing
film by dry etching while using the resist upper layer
film having the formed pattern as a mask;

[0233] transferring the pattern to the resist underlayer
film by dry etching while using the metal-containing
film having the transferred pattern as a mask; and

[0234] furthermore, processing the substrate to be pro-
cessed while using the resist underlayer film having the
formed pattern as a mask to form the pattern in the
substrate to be processed.

[0235] A photoresist film may be formed on the metal-
containing film as a resist upper layer film as described
above. Alternatively, an organic adhesive film may be
formed on the metal-containing film by spin-coating, and a
photoresist film may be formed thereon.

[0236] As described above, when the resist underlayer
film is formed on the substrate to be processed, the resist
underlayer film can be formed by a method using a coating-
type organic underlayer film material, a CVD method, an
ALD method, or the like. Examples of the coating-type
organic underlayer film material include resins and compo-
sitions disclosed in JP2012-001687A, JP2012-077295A,
JP2004-264710A, JP2005-043471A, JP2005-250434A,
JP2007-293294A, JP2008-065303A, JP2004-205685A,
JP2007-171895A, JP2009-014816A, JP2007-199653A,
JP2008-274250A, JP2010-122656A, JP2012-214720A,
JP2014-029435A, WO2012/077640A1, WO02010/
147155A1, WO2012/176767A1, JP2005-128509A, TP2006-
259249A, JP2006-259482A, ITP2006-293298A, IP2007-
316282A, JP2012-145897A, JP2017-119671A, IP2019-
044022A, etc.

[0237] The resist upper layer film in the multilayer resist
process described above may be either a positive type or a
negative type, and it is possible to use a film similar to the
typically used photoresist composition. The prebaking,
which is conducted after the spin-coating with the photore-
sist composition, is preferably performed at 60 to 180° C. for
10 to 300 seconds. Thereafter, exposure is conducted
according to a usual manner, followed by post-exposure
baking (PEB) and development, thereby obtaining a resist
pattern. Although the thickness of the resist upper layer film
is not particularly limited, the thickness is preferably 30 to
500 nm, particularly preferably 50 to 400 nm.

[0238] Furthermore, examples of light for exposure
include high-energy beams at wavelengths of 300 nm or
less, specifically excimer lasers at 248 nm, 193 nm, and 157
nm, soft X-rays at 3 to 20 nm, an electron beam, X-rays, and
the like.

[0239] As the method for forming a pattern in the resist
upper layer film, it is preferable to use a patterning process
using a photolithography with a wavelength of 5 nm or more
and 300 nm or less, a direct drawing using an electron beam,
nanoimprinting, or a combination thereof.

[0240] The development method in the patterning process
is preferably alkali development or development using an
organic solvent.

[0241] Next, etching is performed while using the
obtained resist pattern as a mask. The etching of a silicon-
containing resist middle layer film or an inorganic hard mask
middle layer film in the three-layer resist process is per-
formed while using the upper layer resist pattern as a mask
by using a fluorocarbon-based gas. In this manner, a silicon-
containing resist middle layer film pattern or an inorganic
hard mask middle layer film pattern is formed.
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[0242] Next, the metal-containing film is etched while
using the obtained silicon-containing resist middle layer film
pattern or inorganic hard mask middle layer film pattern as
a mask. The etching of the metal-containing film is prefer-
ably performed using an etching gas mainly containing a
chlorine-based gas.

[0243] The subsequent etching of a body to be processed
may also be performed according to a usual manner. For
example, in the case of a body to be processed made of SiO,,
SiN or silica-based low dielectric constant insulating film,
the etching is performed mainly based on a fluorocarbon-
based gas. When the substrate is processed by way of
etching with a fluorocarbon-based gas, the silicon-contain-
ing resist middle layer film pattern in the three-layer resist
process is stripped simultaneously with the substrate pro-
cessing.

[0244] The metal-containing film obtained by using the
inventive composition for forming a metal-containing film is
characterized by its excellent etching resistance at the time
of etching of the body to be processed.

[0245] Examples of the body to be processed (substrate to
be processed) include, but are not particularly limited to,
substrates made of Si, a-Si, p-Si, Si0,, SiN, SiON, W, TiN,
Al, etc., those in which the layers to be processed are formed
on the substrate, and the like. Examples of the layers to be
processed include various low-k films such as those made of
Si, Si0,, SiON, SiN, p-Si, a-Si, W, W—Si, Al, Cu, Al—Si,
and the like, and stopper films therefor, which can each be
typically formed into a thickness of 50 to 10,000 nm,
particularly 100 to 5,000 nm. When the layer to be processed
is formed, the substrate and the layer to be processed are
made of different materials.

[0246] In the patterning process using the inventive com-
position for forming a metal-containing film, it is preferable
to use a substrate to be processed having a structure or step
having a height of 30 nm or more. As described above, the
inventive composition for forming a metal-containing film
has excellent filling and planarizing properties, so that a flat
cured film can be formed even when the substrate to be
processed has a step (irregularities) or structure having a
height of 30 nm or more. The height of the structure or step
of the substrate to be processed is preferably 30 nm or more,
more preferably 50 nm or more, and more preferably 100 nm
or more. In the method of processing a stepped substrate
having a pattern of the above-described height, filling and
planarizing by forming a film of the inventive composition
for forming a metal-containing film makes it possible to
achieve a uniform film thickness in the subsequently formed
resist middle layer film and resist upper layer film. There-
fore, it is easy to ensure the exposure depth margin (DOF)
at the time of photolithography, which is very preferable.

<Tone-Reversal Patterning Process Using Composition for
Forming Metal-Containing Film>

[0247] With reference to FIG. 2, a tone-reversal patterning
process using a composition for forming a metal-containing
film will be described. The present invention provides, as a
tone-reversal patterning process using such a composition
for forming a metal-containing film, a tone-reversal pattern-
ing process including the steps of:
[0248] forming a resist underlayer film 7 on a layer 2 to
be processed on a substrate 1 to be processed, forming
a resist middle layer film 4 or a combination of an
inorganic hard mask middle layer film selected from a
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silicon oxide film, a silicon nitride film, and a silicon
oxynitride film and an organic thin film on the resist
underlayer film 7, and forming a resist upper layer film
5 on the resist middle layer film 4 or the combination
of the inorganic hard mask middle layer film and the
organic thin film by using a photoresist material as in
FIG. 2(G);

[0249] subsequently subjecting an exposure portion 6 of
the resist upper layer film to pattern exposure as in FIG.
2(H) and then development with a developer to form a
resist upper layer film pattern 5a in the resist upper
layer film as in FIG. 2(]);

[0250] transferring a resist middle layer film pattern 4a
or an inorganic hard mask middle layer film pattern to
the resist middle layer film or the organic thin film and
the inorganic hard mask middle layer film by dry
etching while using the resist upper layer film having
the formed pattern as a mask as in FIG. 2(J);

[0251] transferring a resist underlayer film pattern 7a to
the resist underlayer film by dry etching while using the
resist middle layer film or the inorganic hard mask
middle layer film having the transferred pattern as a
mask as in FIG. 2(K);

[0252] covering the resist underlayer film having the
formed pattern with a metal-containing film 8 by using
the above-described composition for forming a metal-
containing film, thereby filling a space between the
resist underlayer film patterns 7a with the metal-con-
taining film 8 as in FIG. 2(L);

[0253] etching back the metal-containing film covering
the resist underlayer film having the formed pattern by
a chemical stripper or dry etching to form a reversed
metal-containing film pattern 8a to expose an upper
surface of the resist underlayer film having the formed
pattern as in FIG. 2(M);

[0254] removing the resist middle layer film or the
inorganic hard mask middle layer film remaining on the
upper surface of the resist underlayer film pattern 7a by
dry etching as in FIG. 2(N);

[0255] removing the resist underlayer film having the
formed pattern with its surface exposed by dry etching
to form a reverse pattern of the original pattern in the
metal-containing film as in FIG. 2(0); and

[0256] processing the layer to be processed while using
the metal-containing film having the formed reverse
pattern as a mask to form the reverse pattern 25 in the
layer to be processed as in FIG. 2(P).

[0257] As described above, when the resist underlayer
film is formed on the substrate to be processed, the resist
underlayer film can be formed by a method using a coating-
type organic underlayer film material, a CVD method, an
ALD method, or the like. Examples of the coating-type
organic underlayer film material include resins and compo-
sitions disclosed in JP2012-001687A, JP2012-077295A,
JP2004-264710A, JP2005-043471A, JP2005-250434A,
JP2007-293294A, JP2008-065303A, JP2004-205685A,
JP2007-171895A, JP2009-014816A, JP2007-199653A,
JP2008-274250A, JP2010-122656A, JP2012-214720A,
JP2014-029435A, WO2012/077640A1, WO02010/
147155A1, WO2012/176767A1, JP2005-128509A, TP2006-
259249A, JP2006-259482A, ITP2006-293298A, IP2007-
316282A, JP2012-145897A, JP2017-119671A, IP2019-
044022A, etc.
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[0258] In the tone-reversal patterning process, after the
obtained resist underlayer film pattern is coated with the
composition for forming a metal-containing film, it is pref-
erable to remove the metal-containing film by using a dry
etching gas mainly containing a chlorine-based gas so as to
expose the upper surface of the resist underlayer film
pattern. Thereafter, the resist middle layer film or the inor-
ganic hard mask middle layer film remaining on the resist
underlayer film is removed by dry etching using a fluoro-
carbon-based gas, and the resist underlayer film pattern
having an exposed surface is removed by dry etching using
an oxygen-based gas to form a metal-containing film pat-
tern.

[0259] In the tone-reversal patterning process described
above, the resist underlayer film pattern preferably has a step
or a structure with a height of 30 nm or more. As described
above, the inventive composition for forming a metal-
containing film has excellent filling and planarizing proper-
ties. Thus, even when the film to be processed has a step
(irregularities) or a structure with a height of 30 nm or more,
a flat cured film can be formed. The height of the structure
or the step of the resist underlayer film pattern is preferably
30 nm or more, more preferably 50 nm or more, and still
more preferably 100 nm or more. In the method of reversing
the resist underlayer film pattern having a pattern with the
above-described height, by performing filling and planar-
ization by forming a film from the inventive composition for
forming a metal-containing film, inversion/transfer of the
pattern can be performed with a high degree of accuracy,
which is very preferable. Reversing the resist underlayer
film pattern by using the composition for forming a metal-
containing film allows a desired resist pattern to be formed
on a film to be processed with a high degree of accuracy due
to the excellence in resistance in dry etching using a fluo-
rocarbon-based gas relative to the resist underlayer film
using a previously-known coating-type organic underlayer
film material.

<Patterning Process Using Photoresist Material>

[0260] As a patterning process using the above-described
resist material, the present invention provides a patterning
process including the steps of:
[0261] (s1) applying the above-described resist material
onto a substrate;

[0262] (s2) performing a heat treatment;

[0263] (s3) performing exposure with a high-energy
beam; and

[0264] (s4) performing development by using a devel-

oper. Incidentally, a heat treatment step may also be
applied after the exposure in addition to the treatment
after the application. A heat treatment after exposure to
light is effective for achieving higher sensitivity and
higher contrast.
[0265] In the step (s1), the method for applying the resist
material onto the substrate is not particularly limited, and the
application can be performed by an existing method. For
example, the resist material can be applied onto a substrate
for producing an integrated circuit or a layer to be processed
(Si, Si0,, SiN, SiON, TiN, WSi, BPSG, SOG, organic
antireflective film, etc.) on the substrate, or onto a substrate
for producing a mask circuit or a layer to be processed (Cr,
CrO, CrON, MoSi,, SiO,, etc.) on the substrate by an
appropriate application method, such as spin coating, roll
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coating, flow coating, dip coating, spray coating, doctor [0272] The starting material group G: (G1) to (G14) is

coating, etc. so that the coating film thickness is 0.01 to 2.0 shown below.

pm.
[0266] In the step (s2), the method for performing the heat
treatment is not particularly limited, and for example, the
heat treatment can be performed on a hot plate at 60 to 400°
C. for 10 seconds to 30 minutes, preferably at 100 to 350°
C. for 30 seconds to 20 minutes by prebaking.

[0267] In the step (s3) of exposing the resist film to a
high-energy beam, it is preferable to use, as the high-energy
beam, an extreme ultraviolet ray having a wavelength of 3
to 15 nm or an electron beam having an acceleration voltage
of 1 to 250 kV from the viewpoints of sensitivity and
resolution. Radicals are generated by irradiation with a
high-energy beam, while organic groups bonded to Sn atoms
via C atoms are dissociated during baking. Radicals gener-
ated in this manner form —Sn—O—Sn— bonds and initiate
a condensation polymerization reaction. Thus, curing of a
metal-containing film progresses. It is considered that solu-
bility in a developer changes in this manner.

[0268] In the development step (s4), the developer is not
particularly limited, and a suitable developer can be selected
depending on the resist material used. However, an organic
solvent is preferable. Specifically, the developer preferably
contains one or more organic solvents selected from 2-oc-
tanone, 2-nonanone, 2-heptanone, 3-heptanone, 4-hep-
tanone, 2-hexanone, 3-hexanone, diisobutyl ketone, meth-
ylcyclohexanone, acetophenone, methylacetophenone,
propyl acetate, butyl acetate, isobutyl acetate, pentyl acetate,
butenyl acetate, isopentyl acetate, propyl formate, butyl
formate, isobutyl formate, pentyl formate, isopentyl for-
mate, methyl valerate, methyl pentenoate, methyl crotonate,
ethyl crotonate, methyl lactate, ethyl lactate, propyl lactate,
butyl lactate, isobutyl lactate, pentyl lactate, isopentyl lac-
tate, methyl 2-hydroxyisobutyrate, ethyl 2-hydroxyisobu-
tyrate, methyl benzoate, ethyl benzoate, phenyl acetate,
benzyl acetate, methyl phenylacetate, benzyl formate, phe-
nylethyl formate, methyl 3-phenylpropionate, benzyl propi-
onate, ethyl phenylacetate, and 2-phenylethyl acetate. The
total concentration of these organic solvents is preferably 60
mass % or more of the total amount of the developer.

[0269] When a developer containing such an organic
solvent is used, a negative pattern, where unexposed por-
tions dissolve and exposed portions remain as patterns, can
be formed.

EXAMPLE

[0270] The present invention is more specifically
described below with reference to Synthesis Examples,
Comparative Synthesis Examples, Examples, and Compara-
tive Examples. However, the present invention is not limited
to these Examples. To obtain molecular weight and disper-
sity, weight-average molecular weight (Mw) and number-
average molecular weight (Mn) on polystyrene basis were
measured by gel permeation chromatography (GPC) using
tetrahydrofuran as an eluent, and dispersity (Mw/Mn) was
calculated from these values.

SYNTHESIS EXAMPLES

[0271] In the following Synthesis Examples and Com-
parative Synthesis Examples, the following starting material
group G: (G1) to (G14) was used.
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// [Synthesis Example 1] Synthesis of Compound for

Forming Metal-Containing Film (A-1)
[0273] 5.0 g of dibutyltin oxide, 11.0 g of the carboxylic

acid (G1), and 100 g of toluene were added together, and
(G10) refluxed for 7 hours while removing water. After the reac-

== tion, the solvent was removed under reduced pressure.
= 0 Hexane was added to the resulting solution, and filtration
Py OH and washing were performed. The collected solid was dried

(6]

under vacuum at 70° C. to give a compound (A-1).
(A-1): Mw=254, Mw/Mn=1.18
[0274]

HO OH

J\/\)k)k/vk
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[Synthesis Examples 2 to 12 and Comparative Syn-
thesis Examples 1 and 2] Synthesis of Compounds
(A-2) to (A-12) and Compounds (R-1) and (R-2)
for Comparative Examples
[0275] The compounds (A-2) to (A-12) and the com-

pounds (R-1) and (R-2) for the Comparative Examples
shown in Tables 1 to 3 were obtained under the same
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reaction conditions as in Synthesis Example 1, except that
the compound group G and dibutyltin oxide were used at the
charging amounts shown in Tables 1 to 3. Since (A-10),
(R-1), and (R-2) are liquid, only the removal of toluene was
performed. The weight-average molecular weight (Mw) and
the dispersity (Mw/Mn) of these compounds were deter-
mined. Table 4 shows the results.

TABLE 1

Synthesis Dibutyltin Compound

Example oxide group G Compound
1 S0g Gl HO OH
(11.0 g)
Do e O
NJI\/\)J\O O)I\/\/lkN
O W 2
/\/\SHI\/\
A1)
2 s50g G2 HO oH
O~ el
LT
RN
/\/\ Sn’\/\
(A-2)
3 50g G3 0 o
ey Dot
Q HN O O, NH Q
o, T
NV
/\/\SH’\/\
(A-3)
4 s0g G4
(139 ¢ // \\
) {
O =
N N
e} e}
O O\ /O O

A4
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TABLE 1-continued

Synthesis Dibutyltin Compound

Example oxide group G Compound

5 s50g GS o) o

o ( W
e} O O, e}
1 U
~ #
O\ /O
/—/7 Sn\—\
(A-5)
6 s0g G6 0 A~
(12.0 g)
¢} O O e}
AN e
O\ /O
/—/7 Sn\—\
(A-6)
TABLE 2

Synthesis Dibutyltin Compound
Example oxide group G Compound

7 s50g G7 0 0

(103 g) x 3 { &
O O
hogoavVecaod
s

(8.6 g

HN. O O, NH
T i
~ O\ /O Z
/\/\ Sn/\/\
(A-8)
9 50g G9 0 0 0 o}

o A~ A
4/£>A N AQ\
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TABLE 2-continued

Synthesis Dibutyltin Compound

Example oxide group G Compound
10 50g G10 || ||
(8.7 g
O O O O

(A-10)

11 50g Gl11 Z ~
©3g
HN O O NH
L
~ o 0 F
\/
Sn'

(A-11)

12 50g G12 (@] fo)

®oe \)]\O O/[K/

O O ©) O
m U
N/
/\/\Sn’\/\
(A-12)
TABLE 3
Comparative
Synthesis ~ Dibutyltin Compound Compound for Comparative
Example  oxide group G Example
1 50g G13 0 o
(8.0 g) //4 >\\
H;C(H,C
$CHCo 0. O (CHy)10CH3
N/
NN Sn\/\/
R-1)
2 50¢g Gl4 0 0
(6.0 g)
O\ /O
N & P

R-2)
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TABLE 4
Compound Mw Mw/Mn
A-1 254 1.18
A-2 251 1.01
A-3 267 1.03
A-4 335 1.07
A-5 261 1.02
A-6 260 1.02
A-7 342 1.07
A-8 152 1.02
A-9 313 1.24
A-10 158 1.04
A-11 253 1.10
A-12 385 1.02
R-1 336 1.03
R-2 91 1.10
[Synthesis of Compound (R-3) for Forming

Metal-Containing Film for Comparative Example]|

[0276] 8.0 g of butyltin trichloride was stirred at room
temperature, and 10 g of acrylic acid was dropped thereto.
After that, the temperature was raised to 80° C., and the
mixture was stirred for 7 hours. After the completion of the
reaction, the acrylic acid was removed under reduced pres-
sure, and (R-3) was obtained.

(R-3) Mw=51, Mw/Mn=1.14
[0277]

[Synthesis of Compound (R-4) for
Metal-Containing Film for Comparative Example]|

[0278] As a compound having a different metal from the
inventive compound for forming a metal-containing film, a
titanium compound reported in [Synthesis Example A-I1] of
JP6189758B2 was synthesized.

[0279] An IPA solution (500 g) of deionized water (27 g)
was agitated with an IPA solution (500 g) of a titanium
tetraisopropoxide (manufactured by Tokyo Chemical Indus-
try Co., Ltd.) (284 g) and dropped at room temperature for
2 hours. 2-methyl-2,4-pentanediol (120 g) was added to a
solution obtained and agitated at room temperature for 30
minutes. After the solution was concentrated under reduced
pressure at 30° C., it was heated to 60° C. and heating was
continued under reduced pressure to generate no distillate.
Then, PGMEA (1,200 g) was added thereto and heated
under reduced pressure at 40° C. until no IPA was distilled
to obtain a PGMEA solution of a titanium-containing com-
pound (R-4) (1,000 g) (compound concentration: 20 mass

Forming
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%). The molecular weight of the compound measured in
terms of polystyrene was Mw=1,100.

[Synthesis of Resin (R-5) for Forming Organic Film for
Comparative Example]

[0280] Under a nitrogen atmosphere, 160.2 g of 1,5-
dihydroxynaphthalene, 56.8 g of formaldehyde, and 300 g of
PGME (propylene glycol monomethyl ether) were added,
and homogenized at an internal temperature of 100° C. After
that, a mixed solution of 8.0 g of p-toluenesulfonic acid
monohydrate and 8.0 g of PGME that had been mixed and
homogenized beforehand was added dropwise slowly, and a
reaction was allowed to take place at an internal temperature
of' 80° C. for 8 hours. After the reaction was completed, the
resultant was cooled to room temperature, and 2,000 ml of
MIBK was added thereto. The resultant was washed six
times with 500 ml of pure water, and the organic layer was
evaporated under reduced pressure to dryness. After adding
300 g of THF to the residue to yield a homogeneous
solution, a crystal was precipitated in 2,000 g of hexane. The
precipitated crystal was separated by filtration, washed twice
with 500 g of hexane, and collected. The collected crystal
was vacuum-dried at 70° C., thereby obtaining a resin (R-5).
[0281] The weight-average molecular weight (Mw) and
the dispersity (Mw/Mn) were determined by GPC, and the
following results were obtained.

(R-5): Mw=3,300, Mw/Mn=2.54
[0282]

OH

OH

[Composition for Forming Metal-Containing Film UDL-1]

[0283] The compound (A-1) for forming a metal-contain-
ing film was dissolved at a ratio shown in Table 5 in a mixed
solvent of propylene glycol monomethyl ether acetate (PG-
MEA) and cyclohexanone (CyHO) containing 0.5 mass %
of a surfactant FC-4430 (manufactured by Sumitomo 3M
Limited), and the solution was filtered through a 0.02-um
membrane filter to prepare a composition (UDL-1) for
forming a metal-containing film.

[Preparation of Compositions (UDL-2 to -15) for Forming
Metal-Containing Film and Compositions (Comparative
UDL-1 to -5) for Forming Metal-Containing Film for Com-
parative Examples]

[0284] Each chemical liquid was prepared in the same
manner as UDL-1, except that the type and the contained
amount of each component were as shown in Table 5. In
Table 5, “-” indicates that the component was not used. The
following formulae (C-1) and (C-2) were used for the
crosslinking agent, the following formula (F-1) was used for
the acid generator (TAG), 1,6-diacetoxyhexane (boiling
point: 260° C.) was used as the high-boiling-point solvent
(D-1), and a polymer (BP-1) for a flowability accelerator
was used as the flowability accelerator.
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[Crosslinking Agent]

[0285] The crosslinking agent (C-1) used in a composition
for forming a metal-containing film is shown below. Dipen-
taerythritol Hexaacrylate (manufactured by Tokyo Chemical
Industry Co., Ltd.) was used as the crosslinking agent (C-2).

(€D

[Thermal Acid Generator]

[0286] The thermal acid generator (F-1) used in a com-
position for forming a metal-containing film is shown below.

(F-1)

/\+
<7NH CF3;CF»>CF,S05"

[Synthesis Example of Polymer for Flowability Accelerator]
Synthesis of Polymer (BP-1) for Flowability Accelerator

[0287] Under a nitrogen atmosphere, 20.0 g of cresol
novolak, 27.6 g of potassium carbonate, and 100 g of DMF
were added, and a homogeneous dispersion was prepared at
an internal temperature of 50° C. 11.9 g of propargyl
bromide was added slowly, followed by a reaction at an
internal temperature of 50° C. for 24 hours. 300 ml of
methylisobutylketone and 300 g of pure water were added to
a reaction solution to dissolve the precipitated salts. There-
after, the separated water layer was removed. Further, the
organic layer was washed with 100 g of a 3% aqueous nitric
acid solution and 100 g of pure water six times, and then the
organic layer was dried under reduced pressure to hardness,
thereby obtaining a resin (BP-1).
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[0288] The weight-average molecular weight (Mw) and
the dispersity (Mw/Mn) were determined by GPC, and the
following results were obtained.

(BP-1): Mw=8,500, Mw/Mn=3.46
[0289]

40
OH
|

o)

60

TABLE 5

Composition

for forming Compound for
metal- forming metal- Additive
containing containing film (parts by Solvent
film (parts by mass) mass) (parts by mass)
UDL-1 A-1 (15) — PGMEA/CyHO (50/35)
UDL-2 A2 (15) — PGMEA/CyHO (50/35)
UDL-3 A-3 (15) — PGMEA/CyHO (50/35)
UDL-4 A4 (15) — PGMEA/CyHO (50/35)
UDL-5 A-5 (15) — PGMEA (85)
UDL-6 A-6 (15) — PGMEA (85)
UDL-7 A7 (15) C-1(3) PGMEA (85)
UDL-8 A-8 (15) — PGMEA (85)
UDL-9 A9 (15) — PGMEA (85)
UDL-10 A-10 (15) — PGMEA (85)
UDL-11 A-11 (15) — PGMEA (85)
UDL-12 A-12 (15) — PGMEA (85)
UDL-13 A-8 (10) BP-1(2) PGMEA (88)
UDL-14 A-8 (15) D-1 (5) PGMEA (80)
UDL-15 A-12 (15) C-2 (2) PGMEA (83)
F-1(0.1)
Comparative R-1 (10) — PGMEA (90)
UDL-1
Comparative R-2 (15) — PGMEA/CyHO (50/35)
UDL-2
Comparative R-3 (15) — PGMEA (85)
UDL-3
Comparative R-4 (10) — PGMEA (90)
UDL-4
Comparative R-5 (5) — PGMEA (95)
UDL-5

[Heat Resistance Evaluation and Solvent Resistance
Evaluation (Examples 1-1 to 1-15 and Comparative
Examples 1-1 to 1-5)]

[0290] Each of the compositions (UDL-1 to -15 and
comparative UDL-1 to -5) for forming a metal-containing
film prepared as described above was respectively applied
onto a silicon substrate and baked at 100° C. for 60 seconds,
and then the film thickness (a [nm]) was measured. Subse-
quently, after baking at the baking temperature shown in
Table 6 for 60 seconds, the film thickness (b [nm]) was
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measured, and the difference between the film thicknesses
(film remaining percentage: (b/a)x100) before and after the
additional baking was determined.

[0291] Furthermore, a PGMEA solvent was dispensed
thereon, left to stand for 30 seconds, spin-dried, and baked
at 100° C. for 60 seconds to evaporate the PGMEA. The film
thickness (¢ [nm]) was then measured. The difference
between the film thicknesses (film remaining percentage:
(c/b)x100) before and after the PGMEA treatment was
determined. The following Table 6 shows the results.
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organic group different from the general formula (1). In
these cases, the film remaining after the high-temperature
baking was less than 5 nm.

[0293] In Comparative Example 1-4, the used composition
comparative UDL-4 contained, as a compound having a
different metal from the inventive compound for forming a
metal-containing film, the titanium compound reported in
[Synthesis Example A-II] of JP6189758B2. In this case,
sufficient solvent resistance was exhibited, but the difference
between the film thicknesses before and after the additional

TABLE 6

Composition Film

for forming Film Film thickness

metal- Baking thickness Baking thickness  (b/a) x ¢ after (c/b) x

containing temperature a temperature b 100 rinsing 100
Example film °C. nm °C. nm % nm %
Example 1-1 UDL-1 100° C. 169.58 250° C. 105.14 62% 100.85 95.9%
Example 1-2 UDL-2 100° C. 147.06 250° C. 101.47 69% 101.47 100.0%
Example 1-3 UDL-3 100° C. 216.09 250° C. 99.4 46% 99.13 99.7%
Example 1-4 UDL-4 100° C. 238.64 250° C. 107.39 45% 107.4 100.0%
Example 1-5 UDL-5 100° C. 207.28 250° C. 103.64 50% 103.34 99.7%
Example 1-6 UDL-6 100° C. 225.81 250° C. 97.1 43% 96.7 99.6%
Example 1-7 UDL-7 100° C. 193.44 250° C. 100.59 52% 100.49 99.9%
Example 1-8 UDL-8 100° C. 189.20 250° C. 104.06 55% 104.05 100.0%
Example 1-9 UDL-9 100° C. 236.60 250° C. 99.37 42% 94.77 95.4%
Example 1-10  UDL-10 100° C. 208.53 250° C. 102.18 49% 101.48 99.3%
Example 1-11 UDL-11 100° C. 200.35 250° C. 102.18 51% 100.94 98.8%
Example 1-12  UDL-12 100° C. 212.88 250° C. 102.18 48% 102.19 100.0%
Example 1-13  UDL-13 100° C. 180.40 250° C. 113.65 63% 113.64 100.0%
Example 1-14 UDL-14 100° C. 209.51 250° C. 98.47 47% 98.47 100.0%
Example 1-15 UDL-15 100° C. 202.60 250° C. 105.35 52% 105.35 100.0%
Comparative Comparative 100° C. 200.59 250° C. 32 2% — —
Example 1-1 UDL-1
Comparative Comparative 100° C. 198.68 250° C. 1.8 1% — —
Example 1-2 UDL-2
Comparative Comparative 100° C. 176.40 250° C. 2.1 1% — —
Example 1-3 UDL-3
Comparative Comparative 100° C. 314.35 300° C. 81.73 26% 81.75 100.0%
Example 1-4 UDL-4
Comparative Comparative 100° C. 118.21 350° C. 92.87 21% 92.87 100.0%
Example 1-5 UDL-5
[0292] As shown in Table 6, the inventive composition for high-temperature baking was large, and it was shown that

forming a metal-containing film (Examples 1-1 to 1-15) had
a film remaining percentage ((b/a)x100) of 400 or more after
the additional high-temperature baking, and it was shown
that the compositions had the high-temperature baking resis-
tance required in resist underlayer films. In addition, the
films subjected to additional high-temperature baking had a
film remaining percentage ((c/b)x100) of 950 or more after
the PGMEA rinsing, and it can be seen that a crosslinking
reaction took place and sufficient solvent resistance was
exhibited. In particular, the compounds (UDL-2 to -6, -8,
and -10 to -12), having the structure shown by the general
formula (2) had excellent thermosetting property, and
showed results of having a film remaining percentage of
99% or more. On the other hand, comparative UDL-1, used
in Comparative Example 1-1, did not have a crosslinking
group, and therefore, had insufficient heat resistance. There-
fore, the film remaining percentage ((b/a)x100) after the
additional high-temperature baking was less than 5%. Mean-
while, heat resistance was also insufficient in the cases of
Comparative Examples 1-2 and 1-3, where comparative
UDL-2 and comparative UDL-3 were used. Comparative
UDL-2 and comparative UDL-3 had the same terminal
crosslinking group as the inventive compounds, but had an

volume shrinkage due to high-temperature baking was
greater than in the inventive compound for forming a
metal-containing film.

[Filling Property Evaluation (Examples 2-1 to 2-15 and
Comparative Examples 2-1 and 2-2)]

[0294] Each of the compositions (UDL-1 to -15 and
comparative UDL-4 and -5) for forming a metal-containing
film that had favorable film-formability after the additional
baking in the solvent resistance evaluation was respectively
applied onto an SiO, wafer substrate having a dense line-
and-space pattern (line width=40 nm, line depth=120 nm,
distance between the centers of two adjacent lines=80 nm),
followed by heating at the temperature shown in Table 7 for
60 seconds by using a hot plate to form a metal-containing
film having a film thickness of 100 nm. The substrate used
was a base substrate 9 (Si0, wafer substrate) having a dense
line-and-space pattern shown in FIG. 3(Q) (downward view)
and (R) (cross-sectional view). The cross-sectional shape of
each of the obtained wafer substrates was observed using an
electron microscope (S-4700: manufactured by Hitachi,
Ltd.), and the presence/absence of voids (gaps) inside the
metal-containing film filling the space between the lines was
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confirmed. Table 7 shows the results. In this evaluation,
when a composition for forming a metal-containing film
having a poor filling property is used, voids are generated
inside the metal-containing film filling the space between the
lines. In this evaluation, when a composition for forming a
metal-containing film having a desirable filling property is
used, as shown in FIG. 3(S), the inside of the metal-
containing film filling the space between the lines of the base
substrate 9 having the dense line-and-space pattern is filled
with a void-free metal-containing film 10.

TABLE 7

Composition

for forming

metal- Baking Filling

containing temperature property
Example film °C. Voids
Example 2-1 UDL-1 250° C. Absent
Example 2-2 UDL-2 250° C. Absent
Example 2-3 UDL-3 250° C. Absent
Example 2-4 UDL-4 250° C. Absent
Example 2-5 UDL-5 250° C. Absent
Example 2-6 UDL-6 250° C. Absent
Example 2-7 UDL-7 250° C. Absent
Example 2-8 UDL-8 250° C. Absent
Example 2-9 UDL-9 250° C. Absent
Example 2-10 UDL-10 250° C. Absent
Example 2-11 UDL-11 250° C. Absent
Example 2-12 UDL-12 250° C. Absent
Example 2-13 UDL-13 250° C. Absent
Example 2-14 UDL-14 250° C. Absent
Example 2-15 UDL-15 250° C. Absent
Comparative Comparative 300° C. Present
Example 2-1 UDL- 4
Comparative Comparative 300° C. Absent
Example 2-2 UDL-5

[0295] It was successfully confirmed that, as shown in

Table 7, in Examples 2-1 to 2-15 using the inventive
compositions (UDL-1 to -15) for forming a metal-containing
film, it was possible to fill the dense line-and-space pattern
without the generation of voids, and excellent filling prop-
erty was provided. On the other hand, voids were observed
at the bottom of the pattern in Comparative Example 2-1,
using comparative UDL-4 containing the titanium com-
pound reported in [Synthesis Example A-II] of
JP6189758B2. It is conjectured that voids were generated
because volume shrinkage due to high-temperature baking
was great, as observed in the solvent resistance evaluation.
Meanwhile, in Comparative Example 2-2, where compara-
tive UDL-5 was used, no voids were generated.

[Planarizing Property Evaluation (Examples 3-1 to 3-15 and
Comparative Examples 3-1 and 3-2)]

[0296] Regarding base substrates 11 (SiO, wafer sub-
strates) each having a dense line-and-space pattern shown in
FIG. 4(T), the cross sectional shape of each of the wafer
substrates obtained in the filling property evaluation as
shown in FIG. 4(U) was observed using a scanning electron
microscope (SEM), and the step Delta 12 between the
line-pattern-dense portion and the non-line-pattern portion
of the filling film 12 was observed using an electron micro-
scope (S-4700: manufactured by Hitachi, [.td.). Table 8
shows the results. In the present evaluation, it can be said
that the smaller the step, the better the planarizing property.
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TABLE 8
Composition for Baking
forming metal- temperature Flatness

Example containing film °C. nm
Example 3-1 UDL-1 250° C. 35
Example 3-2 UDL-2 250° C. 34
Example 3-3 UDL-3 250° C. 28
Example 3-4 UDL-4 250° C. 30
Example 3-5 UDL-5 250° C. 28
Example 3-6 UDL-6 250° C. 29
Example 3-7 UDL-7 250° C. 29
Example 3-8 UDL-8 250° C. 26
Example 3-9 UDL-9 250° C. 31
Example 3-10 UDL-10 250° C. 29
Example 3-11 UDL-11 250° C. 30
Example 3-12 UDL-12 250° C. 27
Example 3-13 UDL-13 250° C. 24
Example 3-14 UDL-14 250° C. 23
Example 3-15 UDL-15 250° C. 27
Comparative Comparative 300° C. 57
Example 3-1 UDL-4

Comparative Comparative 350° C. 49
Example 3-2 UDL-5

[0297] As shown in Table 8, it was observed that the step

in the film between the patterned portion and the non-
patterned portion was small and the planarization property
was better in Examples 3-1 to 3-15, where the inventive
compositions (UDL-1 to -15) for forming a metal-containing
film were used, than in Comparative Example 3-2, where the
organic resist underlayer film material, comparative UDL-5,
was used. In particular, it was observed that excellent
planarizing property was exhibited by the components con-
taining a compound having one of the structures shown by
the general formulae (a-1) to (a-3) in the terminal crosslink-
ing groups. For example, comparing UDL-2, which con-
tained the compound (A-2) having hydroxy groups, with
UDL-3, which contained the compound (A-3) having cross-
linking groups having the structure shown by (a-3), UDL-3
exhibited a better planarizing property. In other words, it can
be observed that thermal flowability is improved and excel-
lent planarizing property is exhibited when one of the
structures shown by the general formulae (a-1) to (a-3) is
included in the terminal crosslinking groups. Furthermore,
UDL-13, which contained a flowability accelerator (BP-1),
and UDL-14, which contained a high-boiling-point solvent
(D-1), showed particularly excellent planarizing property. It
can be observed that the thermal flowability of a compound
for forming a metal-containing film can be improved further
by using these additives.

[0298] Meanwhile, in Comparative Example 3-1, where
comparative UDL-4 was used, flatness was poor.

[Etching Resistance Evaluation (Examples 4-1 to 4-15 and
Comparative Examples 4-1 and 4-2)]

[0299] Each of the compositions (UDL-1 to -15 and
comparative UDL-4 and -5) for forming a metal-containing
film that had good film-formability after the additional
baking in the solvent resistance evaluation was respectively
applied onto a silicon substrate and heated by using a hot
plate at the temperature shown in Table 9 for 60 seconds to
form a metal-containing film having a film thickness of 100
nm, and the film thickness A was measured. Subsequently,
etching was performed with CF, gas, O, gas, and Cl, gas
under the following conditions for the specified number of
seconds by using an etching apparatus CE-3001 manufac-
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tured by ULVAC, Inc., and the film thickness B was mea-
sured. Then, the film thickness etched in 1 minute (“film
thickness A”-“film thickness B”) was calculated. Table 9
shows the results.

Conditions of Dry Etching with CF, Gas

[0300] Pressure: 1 Pa

[0301] Antenna RF power: 100 W
[0302] Bias RF power: 15 W
[0303] CF, gas flow rate: 15 sccm
[0304] Time: 30 sec

Conditions of Dry Etching with O, Gas

[0305] Pressure: 1 Pa

[0306] Antenna RF power: 300 W
[0307] Bias RF power: 0 W
[0308] O, gas flow rate: 25 sccm
[0309] Time: 20 sec

Conditions of Dry Etching with Cl, Gas
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film that had favorable film-formability after the additional
baking in the solvent resistance evaluation was respectively
applied onto an SiO, wafer substrate having a trench pattern
(trench width: 10 pum, trench depth: 0.10 pm), and baked at
250° C. for 60 seconds in the atmosphere to form a metal-
containing film having a thickness of 100 nm. A silicon-
containing resist middle layer film material (SOG-1) was
applied thereto, followed by baking at 220° C. for 60
seconds to form a resist middle layer film having a thickness
of 35 nm. A monolayer resist for ArF as a resist upper layer
film material was applied thereto, followed by baking at
105° C. for 60 seconds to form a photoresist film having a
thickness of 100 nm. A liquid immersion top coat compo-
sition (TC-1) was applied to a photoresist film, followed by
baking at 90° C. for 60 seconds to form a top coat having a
thickness of 50 nm.

[0317] The silicon-containing resist middle layer film

[0310] Pressure: 1 Pa material (SOG-1) was prepared by dissolving a polymer
[0311] Antenna RF power: 320 W represented by an ArF silicon-containing middle layer film
[0312] Bias RF power: 30 W polymer (SiP1) and a thermal crosslinking catalyst (CAT1)
[0313] Cl, gas flow rate: 25 sccm in an organic solvent containing 0.1 mass % of FC-4430
[0314] Time: 10 sec (manufactured by Sumitomo 3M Limited) in the proportion
TABLE 9
Composition
for forming Etching Etching Etching
metal- Baking resistance  resistance  resistance
containing temperature (nm/min) (nm/min) (nm/min)
Example film °C CF, 0, Cl,
Example 4-1 UDL-1 250° C. 31 8 530
Example 4-2 UDL-2 250° C. 29 7 520
Example 4-3 UDL-3 250° C. 28 7 520
Example 4-4 UDL-4 250° C. 28 10 510
Example 4-5 UDL-5 250° C. 28 7 520
Example 4-6 UDL-6 250° C. 29 8 520
Example 4-7 UDL-7 250° C. 27 5 510
Example 4-8 UDL-8 250° C. 27 5 510
Example 4-9 UDL-9 250° C. 29 8 520
Example 4-10 UDL-10 250° C. 27 5 510
Example 4-11 UDL-11 250° C. 30 8 530
Example 4-12 UDL-12 250° C. 31 7 550
Example 4-13 UDL-13 250° C. 36 12 500
Example 4-14 UDL-14 250° C. 27 5 510
Example 4-15 UDL-15 250° C. 30 6 550
Comparative Comparative 300° C. 30 10 105
Example 4-1 UDL-4
Comparative Comparative 350° C. 65 210 130
Example 4-2 UDL-5
[0315] As shown in Table 9, it was shown that better CF, shown in Table 10; and filtering the solution through a filter

etching resistance and O, etching resistance were exhibited
in Examples 4-1 to 4-15, where the inventive compositions
(UDL-1 to -15) for forming a metal-containing film were
used, than in Comparative Example 4-2, where comparative
UDL-5, which is an organic resist underlayer film material,
was used. In addition, it was revealed that, while the
compositions showed excellent resistance to etching with
CF, gas and O, gas, the compositions exhibited excellent
removability by etching with Cl, gas. Comparative Example
4-1, where comparative UDL-4 was used, the composition
showed excellent etching resistance.

[Patterning Process (Examples 5-1 to 5-15 and Comparative
Examples 5-1 and 5-2)]

[0316] Each of the compositions (UDL-1 to -15 and
comparative UDL-4 and -5) for forming a metal-containing

made of a fluororesin and having a pore size of 0.1 pm.

TABLE 10

Thermal
crosslinking
Polymer
(parts by mass)

catalyst Organic solvent

(parts by mass) (parts by mass)

SOG-1 SiP1 CAT1 Propylene glycol
(100) (€9)] monoethyl ether
(4,000)
[0318] The polymer (SiP1) and the thermal crosslinking

catalyst (CAT1) used in the silicon-containing resist middle
layer film material (SOG-1) are shown below.
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CH;

—tSi0spm —tSi0s3293 —€8i0293

SiP1
Mw3,400

QS+ Cl-

CAT1

[0319] The resist upper layer film material (monolayer
resist for ArF) was prepared by dissolving a polymer (RP1),
an acid generator (PAG1), and a basic compound (Aminel),
each in the proportion shown in Table 11, in a solvent
containing 0.1% by mass of a surfactant (FC-4430: manu-
factured by Sumitomo 3M Limited), and filtering the solu-
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-continued

Qs* CF3CF,CF,CF,805

PAG1

[\/\
Qﬁ

Aminel

W

[0321] The liquid immersion top coat composition (TC-1)
was prepared by dissolving a top coat polymer (PP1) in an
organic solvent at the proportion shown in Table 12, and
filtering the solution through a 0.1-um filter made of a

tion through a 0.1-um filter made of a fluororesin. fluororesin.
TABLE 11
Acid Basic
Polymer generator compound Solvent

(parts by mass) (parts by mass)  (parts by mass)

(parts by mass)

Monolayer RP1 PAG1 Aminel PGMEA
resist (100) (6.6) (0.8) (2,500)
for ArF
[0320] The polymer (RP1), the acid generator (PAG1), TABLE 12
and the basic compound (Aminel) used for the resist upper .
layer film material (monolayer resist for ArF) are shown T(O;’ a;gagypﬁzz)e ' %ritaglgysi‘;:;t
below.
TC-1 PP1 Diisoamy! ether
(100) (2,700)
2-methyl-1-butanol
(270)
[0322] The top coat polymer (PP1) used for the liquid

immersion top coat composition (TC-1) is shown below.

kR
glen
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[0323] Then, the 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, 350 s-polarized dipole illumination, 6% halftone phase
shift mask), baked at 100° C. for 60 seconds (PEB), and
developed with a 2.38% by mass of tetramethylammonium
hydroxide (TMAH) aqueous solution for 30 seconds,
thereby obtaining a 55 nm 1:1 positive line-and-space pat-
tern (a resist pattern).

[0324] Subsequently, the resist middle layer film was
etched by dry etching while using the resist pattern as a mask
to form a hard mask pattern. A metal-containing film was
then etched while using the obtained hard mask pattern as a
mask to form a metal-containing film pattern, and the SiO,
film was etched while using the obtained metal-containing
film pattern as a mask. The etching conditions were as
follows.

Conditions in Transferring Resist Pattern to Resist Middle
Layer Film

[0325] Conditions of Dry Etching with CF, Gas

[0326] Pressure: 1 Pa

[0327] Antenna RF power: 100 W

[0328] Bias RF power: 15 W

[0329] CF, gas flow rate: 15 sccm

[0330] Time: 60 sec

Conditions in Transferring Hard Mask Pattern to

Metal-Containing Film

[0331] Conditions of Dry Etching with Cl, Gas

[0332] Pressure: 1 Pa

[0333] Antenna RF power: 320 W

[0334] Bias RF power: 30 W

[0335] Cl, gas flow rate: 25 sccm

[0336] Time (Example 5-1 to Example 5-15): 15 sec
[0337] Time (Comparative Example 5-1 and Comparative

Example 5-2): 60 sec

Conditions in Transferring Metal-Containing Film Pattern to
SiO, Film

[0338] Conditions of Dry Etching with CF, Gas

[0339] Pressure: 1 Pa

[0340] Antenna RF power: 100 W

[0341] Bias RF power: 15 W

[0342] CF, gas flow rate: 15 sccm

[0343] Time: 100 sec

[0344] Table 13 shows the results obtained by observation

of the pattern cross section with an electron microscope
(8-4700) manufactured by Hitachi, Ltd.

TABLE 13

Pattern profile
after etching
for transferring

Composition for
forming metal-

Example containing film to 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 UDL-4 Vertical profile
Example 5-5 UDL-5 Vertical profile
Example 5-6 UDL-6 Vertical profile
Example 5-7 UDL-7 Vertical profile
Example 5-8 UDL-8 Vertical profile
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TABLE 13-continued

Pattern profile
after etching
for transferring

Composition for
forming metal-

Example containing film to substrate
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 UDL-14 Vertical profile
Example 5-15 UDL-15 Vertical profile
Comparative Comparative Pattern collapse
Example 5-1 UDL-4
Comparative Comparative Distorted pattern
Example 5-2 UDL-5

[0345] As shown in Table 13, in Examples 5-1 to 5-15,

where the inventive compositions (UDL-1 to -15) for form-
ing a metal-containing film were used, the resist upper layer
film pattern was successfully transferred to the substrate in
the end in every case. Thus, it was confirmed that the
inventive composition for forming a metal-containing film
can be used suitably for fine processing using a multilayer
resist method. On the other hand, in Comparative Example
5-1, where comparative UDL-4, in which the performance in
the filling property evaluation and the planarizing property
evaluation was found to be insufficient, was used, pattern
collapse occurred during patterning, and it was not possible
to obtain a favorable pattern in the end. Meanwhile, in
Comparative Example 5-2, where comparative UDL-5, in
which there were no problems in the filling property and
planarizing property evaluations but insufficient perfor-
mance was observed in the dry etching resistance evalua-
tion, was used, distortion of the pattern profile occurred at
the time of pattern processing, and it was not possible to
obtain a favorable pattern in the end.

[Evaluation of Electron Beam Exposure]

[0346] Each of UDL-8 and comparative UDL-2 was
respectively applied onto a silicon wafer substrate as the
composition for forming a metal-containing film and baked
at 100° C. for 60 seconds to form a metal-containing film
with a thickness of 40 nm.

[0347] Subsequently, drawing in a vacuum chamber was
performed by using ELS-F125 (manufactured by Elionix
Inc.) at an acceleration voltage of 125 kV while altering the
exposure dose. Then, immediately after drawing, baking
(PEB) was performed at 100° C. for 60 seconds, and paddle
development was performed with 2-heptanone for 30 sec-
onds to obtain a contrast curve of a negative resist. FIG. 5
shows the results.

[0348] In the case of UDL-8, where the inventive com-
position for forming a metal-containing film was used, it was
observed that solubility in the developer decreased as the
exposure dose increased. On the other hand, in the case of
comparative UDL-2, the film was not sufficiently insolubi-
lized by the increase in exposure dose.

[0349] From the above, the inventive compound for form-
ing a metal-containing film is an organotin compound hav-
ing both high thermal flowability and high thermosetting
property, so that a composition for forming a metal-contain-
ing film containing the compound can provide a resist
underlayer film material having better dry etching resistance
than conventional resist underlayer film materials and also
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having high filling and planarizing properties. Therefore,
such a composition is extremely useful as a resist underlayer
film material used in a multilayer resist method and an
inverting agent used in a tone-reversal etching method.
Moreover, it was revealed that, since the composition had
excellent curability, it was possible to provide a metal-
containing resist material having high sensitivity and high
resolution in EUV and electron beam lithography when the
above-described compound is used in a resist material.
[0350] The present description includes the following
embodiments.

[1]: A compound for forming a metal-containing film to be
contained in a composition for forming a metal-containing
film used in manufacturing a semiconductor, wherein the
compound for forming a metal-containing film is repre-
sented by the following general formula (M-1) or (M-2),

M-1)
T,

Tl— SH—T3

M-2)
T,

T—5Sn—Q

Q

wherein T, T,, and T, represent the following general
formula (1) and are identical to or different from one
another; and Q represents a substituted or unsubstituted
alkyl group having 1 to 20 carbon atoms, a substituted or
unsubstituted cycloalkyl group having 3 to 20 carbon atoms,
a substituted or unsubstituted aliphatic unsaturated organic
group having 2 to 20 carbon atoms and having one or more
double bonds or triple bonds, a substituted or unsubstituted
aryl group having 6 to 30 carbon atoms, a substituted or
unsubstituted arylalkyl group having 7 to 31 carbon atoms,
or a combination of these groups,

0 0
*—O)]\X W),

wherein X represents a saturated divalent organic group
having 1 to 20 carbon atoms, an unsaturated divalent organic
group having 2 to 20 carbon atoms, a saturated trivalent
organic group having 1 to 20 carbon atoms, or an unsatu-
rated trivalent organic group having 2 to 20 carbon atoms;
W represents the following general formula (1A); “p” rep-
resents 1 or 2; and “*” represents an attachment point to an
Sn atom,

M

W=*_Y-{ R4, (1A)

wherein Y represents a saturated divalent organic group
having 1 to 20 carbon atoms and optionally being substituted
with a heteroatom or an unsaturated divalent organic group
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having 2 to 20 carbon atoms and optionally being substituted
with a heteroatom; R* represents a hydroxy group or a
structure represented by one of the following general for-
mulae (a-1) to (a-3); “h” represents 1 to 6; and “*” represents
an attachment point,

(a-1)
Ry

Yy

R,

(a-2)

(a-3)

o N

Ry

wherein R, represents a hydrogen atom or a monovalent
organic group having 1 to 10 carbon atoms; “q” represents
0 or 1; and “*” represents an attachment point to Y.

[2]: The compound for forming a metal-containing film of
the above [1], wherein the W in the general formula (1) has
a structure represented by the following general formula

(1B),

O\A R
*’( o™

(1B)
Ra)s

N
NS %)

s
« (R,

wherein R*! represents a structure represented by the gen-
eral formula (a-1); R** represents a hydroxy group or one of
the structures represented by the general formulae (a-2) and
(a-3); Z represents an oxygen atom or a secondary amine; L.
represents a divalent hydrocarbon group having 1 to 10
carbon atoms; R, represents a saturated divalent organic
group having 1 to 20 carbon atoms or an unsaturated
divalent organic group having 2 to 20 carbon atoms; “t”
represents 1 to 6; “s” represents 0 to 5; t+s is 1 or more and
6 or less; “r” represents 1 to 10; “u” represents O or 1; “m”
represents 0 or 1; and “*” represents an attachment point.
[3]: The compound for forming a metal-containing film of
the above [1] or [2], wherein the X in the general formula (1)
represents an unsaturated hydrocarbon having 2 to 20 carbon
atoms.

[4]: The compound for forming a metal-containing film of
any one of the above [1] to [3], represented by the following
general formula (2),
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W, 0 0 W
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NI 0 o N pa
b \S/ b
R n R
VRN
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wherein R® and R” represent a hydrogen atom or a monova-
lent organic group having 1 to 20 carbon atoms, R and R?
optionally being bonded to each other to form a cyclic
substituent together with carbon atoms bonded thereto; and
Q and W are as defined above.

[5]: The compound for forming a metal-containing film of
any one of the above [1] to [4], wherein the compound for
forming a metal-containing film satisfies 1.00=sMw/Mnx=l1.
30, 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]: A composition for forming a metal-containing film, the
composition functioning as a resist underlayer film material
and/or a resist material used in manufacturing a semicon-
ductor, the composition comprising: (A) the compound for
forming a metal-containing film of any one of the above [1]
to [5]; and (B) an organic solvent.

[7]: The composition for forming a metal-containing film of
the above [6], wherein the composition for forming a
metal-containing film is usable as a resist underlayer film
used in a multilayer resist method, the composition further
comprising one or more of (C) a crosslinking agent, (D) a
high-boiling-point solvent, (E) a surfactant, and (F) a
flowability accelerator.

[8]: The composition for forming a metal-containing film of
the above [7], wherein the high-boiling-point solvent (D) is
one or more kinds of organic solvent having a boiling point
of 180° C. or higher.

[9]: The composition for forming a metal-containing film of
any one of the above [6] to [8], further comprising (G) metal
oxide nanoparticles having an average primary particle size
of 100 nm or less.

[10]: The composition for forming a metal-containing film
of the above [9], wherein the metal oxide nanoparticles (G)
are selected from the group consisting of zirconium oxide
nanoparticles, hafnium oxide nanoparticles, titanium oxide
nanoparticles, tin oxide nanoparticles, and tungsten oxide
nanoparticles.
[11]: A patterning process for forming a pattern in a substrate
to be processed, comprising the steps of:
[0351] (I-1) applying the composition for forming a
metal-containing film of any one of the above [6] to
[10] onto a substrate to be processed, followed by heating to
form a metal-containing film;
[0352] (I-2) forming a resist upper layer film on the
metal-containing film by using a photoresist material;
[0353] (I-3) subjecting the resist upper layer film to
pattern exposure and then development with a devel-
oper to form a pattern in the resist upper layer film;
[0354] (I-4) transferring the pattern to the metal-con-
taining film by dry etching while using the resist upper
layer film having the formed pattern as a mask; and
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[0355] (I-5) processing the substrate to be processed
while using the metal-containing film having the
formed pattern as a mask to form the pattern in the
substrate to be processed.

[12]: A patterning process for forming a pattern in a substrate
to be processed, comprising the steps of:

[0356] (II-1) applying the composition for forming a
metal-containing film of any one of the above [6] to

[10] onto a substrate to be processed, followed by heating to
form a metal-containing film;

[0357] (1I-2) forming a resist middle layer film on the
metal-containing film;

[0358] (II-3) forming a resist upper layer film on the
resist middle layer film by using a photoresist material;

[0359] (1I-4) subjecting the resist upper layer film to
pattern exposure and then development with a devel-
oper to form a pattern in the resist upper layer film;

[0360] (II-5) transferring the pattern to the resist middle
layer film by dry etching while using the resist upper
layer film having the formed pattern as a mask;

[0361] (II-6) transferring the pattern to the metal-con-
taining film by dry etching while using the resist middle
layer film having the transferred pattern as a mask; and

[0362] (II-7) processing the substrate to be processed
while using the metal-containing film having the
formed pattern as a mask to form the pattern in the
substrate to be processed.

[13]: A patterning process for forming a pattern in a substrate
to be processed, comprising the steps of:

[0363] (III-1) applying the composition for forming a
metal-containing film of any one of the above [6] to

[10] onto a substrate to be processed, followed by heating to
form a metal-containing film;

[0364] (III-2) forming an inorganic hard mask middle
layer film selected from a silicon oxide film, a silicon
nitride film, and a silicon oxynitride film on the metal-
containing film;

[0365] (III-3) forming an organic thin film on the inor-
ganic hard mask middle layer film;

[0366] (III-4) forming a resist upper layer film on the
organic thin film by using a photoresist material;

[0367] (III-5) subjecting the resist upper layer film to
pattern exposure and then development with a devel-
oper to form a pattern in the resist upper layer film;

[0368] (III-6) transferring the pattern to the organic thin
film and the inorganic hard mask middle layer film by
dry etching while using the resist upper layer film
having the formed pattern as a mask;

[0369] (III-7) transferring the pattern to the metal-con-
taining film by dry etching while using the inorganic
hard mask middle layer film having the transferred
pattern as a mask; and

[0370] (III-8) processing the substrate to be processed
while using the metal-containing film having the
formed pattern as a mask to form the pattern in the
substrate to be processed.

[14]: The patterning process of the above [13], wherein the
inorganic hard mask middle layer film is formed by a CVD
method or an ALD method.

[15]: A patterning process for forming a pattern in a substrate
to be processed, comprising the steps of:

[0371] (IV-1) forming a resist underlayer film on a
substrate to be processed;
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[0372] (IV-2) applying the composition for forming a

metal-containing film of any one of the above [6] to
[10] onto the resist underlayer film, followed by heating to
form a metal-containing film;

[0373] (IV-3) forming a resist upper layer film on the
metal-containing film by using a photoresist material;

[0374] (IV-4) subjecting the resist upper layer film to
pattern exposure and then development with a devel-
oper to form a pattern in the resist upper layer film;

[0375] (IV-5) transferring the pattern to the metal-con-
taining film by dry etching while using the resist upper
layer film having the formed pattern as a mask;

[0376] (IV-6) transferring the pattern to the resist under-
layer film by dry etching while using the metal-con-
taining film having the transferred pattern as a mask;
and

[0377] (IV-7) processing the substrate to be processed
while using the resist underlayer film having the
formed pattern as a mask to form the pattern in the
substrate to be processed.

[16]: A patterning process for forming a pattern in a substrate
to be processed, comprising the steps of:

[0378] (V-1) forming a resist underlayer film on a
substrate to be processed;

[0379] (V-2) forming a resist middle layer film or a
combination of an inorganic hard mask middle layer
film selected from a silicon oxide film, a silicon nitride
film, and a silicon oxynitride film and an organic thin
film on the resist underlayer film;

[0380] (V-3) forming a resist upper layer film on the
resist middle layer film or the combination of the
inorganic hard mask middle layer film and the organic
thin film by using a photoresist material;

[0381] (V-4) subjecting the resist upper layer film to
pattern exposure and then development with a devel-
oper to form a pattern in the resist upper layer film;

[0382] (V-5) transferring the pattern to the resist middle
layer film or the organic thin film and the inorganic
hard mask middle layer film by dry etching while using
the resist upper layer film having the formed pattern as
a mask;

[0383] (V-6) transferring the pattern to the resist under-
layer film by dry etching while using the resist middle
layer film or the inorganic hard mask middle layer film
having the transferred pattern as a mask;

[0384] (V-7) applying the composition for forming a
metal-containing film of any one of the above [6] to

[10] onto the resist underlayer film having the formed
pattern, followed by heating to cover the resist underlayer
film with a metal-containing film, thereby filling a space
between the resist underlayer film patterns with the metal-
containing film;

[0385] (V-8) etching back the metal-containing film
covering the resist underlayer film having the formed
pattern by a chemical stripper or dry etching to expose
an upper surface of the resist underlayer film having the
formed pattern;

[0386] (V-9) removing the resist middle layer film or the
inorganic hard mask middle layer film remaining on the
upper surface of the resist underlayer film by dry
etching;

[0387] (V-10) removing the resist underlayer film hav-
ing the formed pattern with its surface exposed by dry
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etching to form a reverse pattern of an original pattern
on the metal-containing film; and

[0388] (V-11) processing the substrate to be processed
while using the metal-containing film having the
formed reverse pattern as a mask to form the reverse
pattern in the substrate to be processed.

[17]: A patterning process comprising the steps of:

[0389] applying the composition for forming a metal-
containing film of any one of the above [6] to [10] onto
a substrate, followed by heating to form a resist film;

[0390] exposing the resist film to a high-energy beam;
and

[0391] developing the exposed resist film by using a
developer.

[18]: The patterning process of the above [17], wherein an
organic solvent is used as the developer.

[19]: The patterning process of the above [18], wherein the
developer is one or more organic solvents selected from
2-octanone, 2-nonanone, 2-heptanone, 3-heptanone, 4-hep-
tanone, 2-hexanone, 3-hexanone, diisobutyl ketone, meth-
ylcyclohexanone, acetophenone, methylacetophenone, pro-
pyl acetate, butyl acetate, isobutyl acetate, pentyl acetate,
butenyl acetate, isopentyl acetate, propyl formate, butyl
formate, isobutyl formate, pentyl formate, isopentyl for-
mate, methyl valerate, methyl pentenoate, methyl crotonate,
ethyl crotonate, methyl lactate, ethyl lactate, propyl lactate,
butyl lactate, isobutyl lactate, pentyl lactate, isopentyl lac-
tate, methyl 2-hydroxyisobutyrate, ethyl 2-hydroxyisobu-
tyrate, methyl benzoate, ethyl benzoate, phenyl acetate,
benzyl acetate, methyl phenylacetate, benzyl formate, phe-
nylethyl formate, methyl 3-phenylpropionate, benzyl propi-
onate, ethyl phenylacetate, and 2-phenylethyl acetate.

[20]: The patterning process of any one of the above [17] to
[19], wherein an extreme ultraviolet ray having a wave-
length of 3 to 15 nm is used as the high-energy beam.
[21]: The patterning process of any one of the above [17] to
[19], wherein an electron beam having an acceleration
voltage of 1 to 250 kV is used as the high-energy beam.
[22]: A semiconductor photoresist material, wherein the
semiconductor photoresist material is the composition for
forming a metal-containing film of any one of the above [6]
to [10] further comprising (H) a photo-acid generator.
[0392] It should be noted that the present invention is not
limited to the above-described embodiments. The embodi-
ments are just examples, and any examples that have sub-
stantially the same feature and demonstrate the same func-
tions and effects as those in the technical concept disclosed
in claims of the present invention are included in the
technical scope of the present invention.

1. A compound for forming a metal-containing film to be
contained in a composition for forming a metal-containing
film used in manufacturing a semiconductor, wherein the
compound for forming a metal-containing film is repre-
sented by the following general formula (M-1) or (M-2),

M-1)
T

T—Sn—T;
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-continued
M-2)
T,

T—5Sn—Q

wherein T,, T,, and T; represent the following general
formula (1) and are identical to or different from one
another; and Q represents a substituted or unsubstituted
alkyl group having 1 to 20 carbon atoms, a substituted
or unsubstituted cycloalkyl group having 3 to 20 carbon
atoms, a substituted or unsubstituted aliphatic unsatu-
rated organic group having 2 to 20 carbon atoms and
having one or more double bonds or triple bonds, a
substituted or unsubstituted aryl group having 6 to 30
carbon atoms, a substituted or unsubstituted arylalkyl
group having 7 to 31 carbon atoms, or a combination of
these groups,

0 0
*—O)]\X W/,

wherein X represents a saturated divalent organic group
having 1 to 20 carbon atoms, an unsaturated divalent
organic group having 2 to 20 carbon atoms, a saturated
trivalent organic group having 1 to 20 carbon atoms, or
an unsaturated trivalent organic group having 2 to 20
carbon atoms; W represents the following general for-
mula (1A); “p” represents 1 or 2; and “*” represents an
attachment point to an Sn atom,

M

Wt YR, (1a)

wherein Y represents a saturated divalent organic group
having 1 to 20 carbon atoms and optionally being
substituted with a heteroatom or an unsaturated diva-
lent organic group having 2 to 20 carbon atoms and
optionally being substituted with a heteroatom; R*
represents a hydroxy group or a structure represented
by one of the following general formulae (a-1) to (a-3);
“h” represents 1 to 6; and “*” represents an attachment
point,

(a-1)

Ry
(a-2)
\QO/M
Ry
(a-3)
Yo

Ry
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wherein R, represents a hydrogen atom or a monovalent
organic group having 1 to 10 carbon atoms; “q”

q rep-
resents O or 1; and “*” represents an attachment point
to Y.

2. The compound for forming a metal-containing film
according to claim 1, wherein the W in the general formula
(1) has a structure represented by the following general
formula (1B),

Ow R
*’é ~o”

(1B)
Ra)s

)

« (R,

F—7— Ly

wherein R*' represents a structure represented by the
general formula (a-1); R*? represents a hydroxy group
or one of the structures represented by the general
formulae (a-2) and (a-3); Z represents an oxygen atom
or a secondary amine; L represents a divalent hydro-
carbon group having 1 to 10 carbon atoms; R, repre-
sents a saturated divalent organic group having 1 to 20
carbon atoms or an unsaturated divalent organic group
having 2 to 20 carbon atoms; “t” represents 1 to 6; “‘s”
represents O to 5; t+s is 1 or more and 6 or less; “r”
represents 1 to 10; “u” represents 0 or 1; “m” represents
0 or 1; and “*” represents an attachment point.

3. The compound for forming a metal-containing film
according to claim 1, wherein the X in the general formula
(1) represents an unsaturated hydrocarbon having 2 to 20
carbon atoms.

4. The compound for forming a metal-containing film
according to claim 1, represented by the following general
formula (2),

@

W. 0 0 W
0 0
TGN 0 o s
b \S/ b
11l
R L R
Q Q

wherein R and R? represent a hydrogen atom or a
monovalent organic group having 1 to 20 carbon atoms,
R and R® optionally being bonded to each other to
form a cyclic substituent together with carbon atoms
bonded thereto; and Q and W are as defined above.

5. The compound for forming a metal-containing film
according to claim 1, wherein the compound for forming a
metal-containing film satisfies 1.00=sMw/Mn=1.30, where
Mw is a weight-average molecular weight and Mn is a
number-average molecular weight measured by gel perme-
ation chromatography in terms of polystyrene.

6. A composition for forming a metal-containing film, the
composition functioning as a resist underlayer film material
and/or a resist material used in manufacturing a semicon-
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ductor, the composition comprising: (A) the compound for
forming a metal-containing film according to claim 1; and
(B) an organic solvent.

7. The composition for forming a metal-containing film
according to claim 6, wherein the composition for forming
a metal-containing film is usable as a resist underlayer film
used in a multilayer resist method, the composition further
comprising one or more of (C) a crosslinking agent, (D) a
high-boiling-point solvent, (E) a surfactant, and (F) a
flowability accelerator.

8. The composition for forming a metal-containing film
according to claim 7, wherein the high-boiling-point solvent
(D) is one or more kinds of organic solvent having a boiling
point of 180° C. or higher.

9. The composition for forming a metal-containing film
according to claim 6, further comprising (G) metal oxide
nanoparticles having an average primary particle size of 100
nm or less.

10. The composition for forming a metal-containing film
according to claim 9, wherein the metal oxide nanoparticles
(G) are selected from the group consisting of zirconium
oxide nanoparticles, hafnium oxide nanoparticles, titanium
oxide nanoparticles, tin oxide nanoparticles, and tungsten
oxide nanoparticles.

11. A patterning process for forming a pattern in a

substrate to be processed, comprising the steps of:

(I-1) applying the composition for forming a metal-
containing film according to claim 6 onto a substrate to
be processed, followed by heating to form a metal-
containing film;

(I-2) forming a resist upper layer film on the metal-
containing film by using a photoresist material;

(I-3) subjecting the resist upper layer film to pattern
exposure and then development with a developer to
form a pattern in the resist upper layer film;

(I-4) transferring the pattern to the metal-containing film
by dry etching while using the resist upper layer film
having the formed pattern as a mask; and

(I-5) processing the substrate to be processed while using
the metal-containing film having the formed pattern as
a mask to form the pattern in the substrate to be
processed.

12. A patterning process for forming a pattern in a

substrate to be processed, comprising the steps of:

(II-1) applying the composition for forming a metal-
containing film according to claim 6 onto a substrate to
be processed, followed by heating to form a metal-
containing film;

(II-2) forming a resist middle layer film on the metal-
containing film;

(II-3) forming a resist upper layer film on the resist middle
layer film by using a photoresist material;

(II-4) subjecting the resist upper layer film to pattern
exposure and then development with a developer to
form a pattern in the resist upper layer film;

(II-5) transferring the pattern to the resist middle layer
film by dry etching while using the resist upper layer
film having the formed pattern as a mask;

(II-6) transferring the pattern to the metal-containing film
by dry etching while using the resist middle layer film
having the transferred pattern as a mask; and
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(II-7) processing the substrate to be processed while using
the metal-containing film having the formed pattern as
a mask to form the pattern in the substrate to be
processed.

13. A patterning process for forming a pattern in a

substrate to be processed, comprising the steps of:

(III-1) applying the composition for forming a metal-
containing film according to claim 6 onto a substrate to
be processed, followed by heating to form a metal-
containing film;

(I11-2) forming an inorganic hard mask middle layer film
selected from a silicon oxide film, a silicon nitride film,
and a silicon oxynitride film on the metal-containing
film;

(I11-3) forming an organic thin film on the inorganic hard
mask middle layer film;

(I11-4) forming a resist upper layer film on the organic thin
film by using a photoresist material;

(III-5) subjecting the resist upper layer film to pattern
exposure and then development with a developer to
form a pattern in the resist upper layer film;

(I11-6) transferring the pattern to the organic thin film and
the inorganic hard mask middle layer film by dry
etching while using the resist upper layer film having
the formed pattern as a mask;

(I11-7) transferring the pattern to the metal-containing film
by dry etching while using the inorganic hard mask
middle layer film having the transferred pattern as a
mask; and

(III-8) processing the substrate to be processed while
using the metal-containing film having the formed
pattern as a mask to form the pattern in the substrate to
be processed.

14. The patterning process according to claim 13, wherein
the inorganic hard mask middle layer film is formed by a
CVD method or an ALD method.

15. A patterning process for forming a pattern in a
substrate to be processed, comprising the steps of:

(IV-1) forming a resist underlayer film on a substrate to be

processed;

(IV-2) applying the composition for forming a metal-
containing film according to claim 6 onto the resist
underlayer film, followed by heating to form a metal-
containing film;

(IV-3) forming a resist upper layer film on the metal-
containing film by using a photoresist material;

(IV-4) subjecting the resist upper layer film to pattern
exposure and then development with a developer to
form a pattern in the resist upper layer film;

(IV-5) transferring the pattern to the metal-containing film
by dry etching while using the resist upper layer film
having the formed pattern as a mask;

(IV-6) transferring the pattern to the resist underlayer film
by dry etching while using the metal-containing film
having the transferred pattern as a mask; and

(IV-7) processing the substrate to be processed while
using the resist underlayer film having the formed
pattern as a mask to form the pattern in the substrate to
be processed.

16. A patterning process for forming a pattern in a

substrate to be processed, comprising the steps of:

(V-1) forming a resist underlayer film on a substrate to be
processed;
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(V-2) forming a resist middle layer film or a combination
of an inorganic hard mask middle layer film selected
from a silicon oxide film, a silicon nitride film, and a
silicon oxynitride film and an organic thin film on the
resist underlayer film;

(V-3) forming a resist upper layer film on the resist middle
layer film or the combination of the inorganic hard
mask middle layer film and the organic thin film by
using a photoresist material;

(V-4) subjecting the resist upper layer film to pattern
exposure and then development with a developer to
form a pattern in the resist upper layer film;

(V-5) transferring the pattern to the resist middle layer
film or the organic thin film and the inorganic hard
mask middle layer film by dry etching while using the
resist upper layer film having the formed pattern as a
mask;

(V-6) transferring the pattern to the resist underlayer film
by dry etching while using the resist middle layer film
or the inorganic hard mask middle layer film having the
transferred pattern as a mask;

(V-7) applying the composition for forming a metal-
containing film according to claim 6 onto the resist
underlayer film having the formed pattern, followed by
heating to cover the resist underlayer film with a
metal-containing film, thereby filling a space between
the resist underlayer film patterns with the metal-
containing film;

(V-8) etching back the metal-containing film covering the
resist underlayer film having the formed pattern by a
chemical stripper or dry etching to expose an upper
surface of the resist underlayer film having the formed
pattern;

(V-9) removing the resist middle layer film or the inor-
ganic hard mask middle layer film remaining on the
upper surface of the resist underlayer film by dry
etching;

(V-10) removing the resist underlayer film having the
formed pattern with its surface exposed by dry etching
to form a reverse pattern of an original pattern on the
metal-containing film; and
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(V-11) processing the substrate to be processed while
using the metal-containing film having the formed
reverse pattern as a mask to form the reverse pattern in
the substrate to be processed.

17. A patterning process comprising the steps of:

applying the composition for forming a metal-containing
film according to claim 6 onto a substrate, followed by
heating to form a resist film;

exposing the resist film to a high-energy beam; and

developing the exposed resist film by using a developer.

18. The patterning process according to claim 17, wherein
an organic solvent is used as the developer.

19. The patterning process according to claim 18, wherein
the developer is one or more organic solvents selected from
2-octanone, 2-nonanone, 2-heptanone, 3-heptanone, 4-hep-
tanone, 2-hexanone, 3-hexanone, diisobutyl ketone, meth-
ylcyclohexanone, acetophenone, methylacetophenone, pro-
pyl acetate, butyl acetate, isobutyl acetate, pentyl acetate,
butenyl acetate, isopentyl acetate, propyl formate, butyl
formate, isobutyl formate, pentyl formate, isopentyl for-
mate, methyl valerate, methyl pentenoate, methyl crotonate,
ethyl crotonate, methyl lactate, ethyl lactate, propyl lactate,
butyl lactate, isobutyl lactate, pentyl lactate, isopentyl lac-
tate, methyl 2-hydroxyisobutyrate, ethyl 2-hydroxyisobu-
tyrate, methyl benzoate, ethyl benzoate, phenyl acetate,
benzyl acetate, methyl phenylacetate, benzyl formate, phe-
nylethyl formate, methyl 3-phenylpropionate, benzyl propi-
onate, ethyl phenylacetate, and 2-phenylethyl acetate.

20. The patterning process according to claim 17, wherein
an extreme ultraviolet ray having a wavelength of 3 to 15 nm
is used as the high-energy beam.

21. The patterning process according to claim 17, wherein
an electron beam having an acceleration voltage of 1 to 250
kV is used as the high-energy beam.

22. A semiconductor photoresist material, wherein the
semiconductor photoresist material is the composition for
forming a metal-containing film according to claim 6 further
comprising (H) a photo-acid generator.

#* #* #* #* #*



