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(57) ABSTRACT

A semiconductor device manufacturing process, forming a
multilayer structure of a metal oxide (e.g., copper oxide) and
a resist underlayer film on a stepped metal substrate reduces
exposure reflectance from the substrate, thereby reducing
standing waves of the resist pattern (defects caused by
reflection) and provides a favorable rectangular resist pattern
on the substrate. A pattern-equipped substrate manufacturing
method includes: a step for performing an oxidation treat-
ment on a substrate containing metal on a surface thereof to
form a metal oxide film on the substrate surface; a step for
applying a resist on the metal oxide film and conducting
baking to form a resist film; a step for exposing a semicon-
ductor substrate covered by the metal oxide film and the
resist; and a step for developing the exposed resist film and
conducting patterning.
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METHOD FOR FORMING A RESIST
PATTERN

FIELD OF THE INVENTION

[0001] The present invention relates to a method for
forming a resist pattern, a method for producing a substrate
having a resist pattern, a method for producing a semicon-
ductor device, and a method for reducing standing waves of
a resist pattern.

BACKGROUND ART

[0002] A lithography process in the production of a semi-
conductor has been widely known, in which a resist under-
layer film is formed between a substrate and a resist film
formed on the substrate, forming a resist pattern having a
desired form. In recent years, the so-called wiring step
(post-step) is being scaled-down, and a metal substrate, such
as copper, is processed by a lithography process.

[0003] Patent Literature 1 discloses a resist pattern and a
method for producing a conductor pattern.

CITATION LIST

Patent Literature

[0004] Patent Literature 1: JP 2006-154570 A
SUMMARY OF INVENTION
Technical Problem
[0005] In the production process for a semiconductor

device, when using a resist underlayer film on a stepped
metal (for example, copper) substrate, the resist underlayer
film is required to have high film thickness uniformity
(conformal properties) for reducing a burden of etching. The
resist underlayer film is improved in the film thickness
uniformity (conformal properties) by reducing the thickness
of the film, but a problem arises in that reflection from the
substrate cannot be satisfactorily suppressed, so that stand-
ing waves is caused in the resist pattern formed as an upper
layer on the resist underlayer film.

Solution to Problem

[0006] The present invention encompasses the followings.
[0007] [1] A method for producing a substrate having a
resist pattern, comprising the steps of:

[0008] subjecting a substrate having a metal on a surface
thereof to oxidation treatment to form a metal oxide film (or
a film of an oxide of the metal) on the surface of the
substrate;

[0009] applying a resist onto the metal oxide film and
baking the applied resist to form a resist film;

[0010] exposing the substrate, preferably a semiconductor
substrate, covered with the metal oxide film and the resist;
and

[0011] subjecting the exposed resist film to development
and patterning.
[0012] [2] A method for producing a substrate having a

resist pattern, comprising the steps of:

[0013] applying a resist underlayer film-forming compo-
sition to a substrate having a metal on a surface thereof, and
then heating the applied composition in the presence of
oxygen to form a stacked film having a resist underlayer film
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present on a metal oxide film (or a stacked material having
a film of an oxide of the metal on the substrate and a resist
underlayer film on the oxide film);

[0014] applying a resist onto the resist underlayer film and
baking the applied resist to form a resist film;

[0015] exposing the substrate, preferably a semiconductor
substrate, covered with the resist underlayer film and the
resist; and

[0016] subjecting the exposed resist film to development
and patterning.
[0017] [3] The method for producing a substrate having a

resist pattern according to [1] or [2], wherein the resist
pattern has reduced standing waves.

[0018] [4] The method for producing a substrate having a
resist pattern according to [1], wherein the oxidation treat-
ment is selected from a heating treatment in the presence of
oxygen, an oxygen plasma treatment, an ozone treatment, a
hydrogen peroxide treatment, and an oxidizing agent-con-
taining alkaline chemical liquid treatment.

[0019] [5] The method for producing a substrate having a
resist pattern according to [1] or [2], wherein the metal
comprises copper.

[0020] [6] The method for producing a substrate having a
resist pattern according to [2], wherein the resist underlayer
film comprises a heterocyclic compound.

[0021] [7] The method for producing a substrate having a
resist pattern according to any one of [2] to [6], wherein the
resist underlayer film comprises a compound represented by
the following formula (I):

[Chemical formula 1]

Formula (I)
Z3
H—1—Ry,
HO——R,
H—1—Rypo
B;
|
Az
|
O N O
H OHH H OHH
Z B—A—N N—A,—B, 7,
Ry Rs Rg Ry Rg Ry
(@]
wherein:

each of A, to A, is independently a direct bond or an
optionally substituted alkylene group having 1 to 6 carbon
atoms,

each of B, to B; independently represents a direct bond, an
ether linkage, a thioether linkage, or an ester linkage,

each of R, to R, independently represents a hydrogen atom,
a methyl group, or an ethyl group, and
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Z, to 75 represent the following formula II):

[Chemical formula 2]

Formula (IT)

R
CN
L XX
KX N
o
(X
wherein:

each of n quantity of X independently represents an alkyl
group, a hydroxy group, an alkoxy group, an alkoxycarbonyl
group, a halogen atom, a cyano group, or a nitro group,

R represents a hydrogen atom, an alkyl group, or an arylene
group,

Y represents an ether linkage, a thioether linkage, or an ester
linkage, and

n represents an integer of 0 to 4.

[0022] [8] A method for producing a semiconductor
device, comprising the steps of:

[0023] subjecting a semiconductor substrate having a
metal on a surface thereof to oxidation treatment to form a
metal oxide film (or a film of an oxide of the metal) on the
surface of the substrate;

[0024] applying a resist onto the metal oxide film and
baking the applied resist to form a resist film;

[0025] exposing the semiconductor substrate covered with
the metal oxide film and the resist; and

[0026] subjecting the exposed resist film to development
and patterning.
[0027] [9] A method for producing a semiconductor

device, comprising the steps of:

[0028] applying a resist underlayer film-forming compo-
sition to a semiconductor substrate having a metal on a
surface thereof, and then heating the applied composition in
the presence of oxygen to form a stacked film having a resist
underlayer film present on a metal oxide film (or a stacked
material having a film of an oxide of the metal on the
substrate and a resist underlayer film on the oxide film);
[0029] applying a resist onto the resist underlayer film and
baking the applied resist to form a resist film;

[0030] exposing the semiconductor substrate covered with
the resist underlayer film and the resist; and

[0031] subjecting the exposed resist film to development
and patterning.
[0032] [10] A method for reducing standing waves of a

resist pattern, comprising the steps of:

[0033] subjecting a substrate, preferably semiconductor
substrate, having a metal on a surface thereof to oxidation
treatment to form a metal oxide film (or a film of an oxide
of the metal) on the surface of the substrate;

[0034] applying a resist onto the metal oxide film and
baking the applied resist to form a resist film;

[0035] exposing the substrate, preferably a semiconductor
substrate, covered with the metal oxide film and the resist;
and

[0036] subjecting the exposed resist film to development
and patterning.
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[0037] [11] A method for reducing standing waves of a
resist pattern, comprising the steps of:

[0038] applying a resist underlayer film-forming compo-
sition to a substrate, preferably semiconductor substrate,
having a metal on a surface thereof, and then heating the
applied composition in the presence of oxygen to form a
stacked film having a resist underlayer film present on a
metal oxide film (or a stacked material having a film of an
oxide of the metal on the substrate and a resist underlayer
film on the oxide film);

[0039] applying a resist onto the resist underlayer film and
baking the applied resist to form a resist film;

[0040] exposing the substrate, preferably a semiconductor
substrate, covered with the resist underlayer film and the
resist; and

[0041] subjecting the exposed resist film to development
and patterning.

Advantageous Effects of Invention

[0042] A metal oxide film (for example, a copper oxide
film) has a high n/k (refractive index/absorption coefficient)
value with respect to, for example, an i-line (365 nm). In a
lithography process for the production of a semiconductor
device, when a metal oxide film (for example, copper oxide)
is preliminarily formed on the surface of a semiconductor
substrate, or a stacked structure of a metal oxide film (for
example, copper oxide) and a resist underlayer film is
formed, the exposure reflectance from a substrate can be
reduced, so that standing waves of a resist pattern (problem
due to reflection) is reduced, making it possible to obtain a
resist pattern having an excellent rectangular form on a
substrate (for example, a copper substrate). By applying the
above-mentioned method, a substrate having a resist pattern
having excellent form can be produced, and a semiconductor
device can be produced using the resist pattern. Further,
there can also be provided a method for reducing the
problem of a resist pattern (standing wave) in a lithography
process for a semiconductor device.

DESCRIPTION OF EMBODIMENTS

<Method for Producing a Substrate Having a Resist Pattern>

[0043] The method for producing a substrate having a
resist pattern of the present invention is a method for
producing a substrate having a resist pattern, comprising the
steps of:

[0044] subjecting a substrate having a metal on a surface
thereof to oxidation treatment to form a metal oxide film on
the surface of the substrate;

[0045] applying a resist onto the metal oxide film and
baking the applied resist to form a resist film;

[0046] exposing the substrate, preferably a semiconductor
substrate, covered with the metal oxide film and the resist;
and

[0047] subjecting the exposed resist film to development
and patterning.
[0048] The method for producing a substrate having a

resist pattern of the present invention may comprise the
steps of:

[0049] applying a resist underlayer film-forming compo-
sition to a substrate having a metal on a surface thereof, and
then heating the applied composition in the presence of
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oxygen to form a stacked film having a resist underlayer film
present on a metal oxide film;

[0050] applying a resist onto the resist underlayer film and
baking the applied resist to form a resist film;

[0051] exposing the substrate, preferably a semiconductor
substrate, covered with the resist underlayer film and the
resist to exposure; and

[0052] subjecting the exposed resist film to development
and patterning.
[0053] The standing waves of the resist pattern may be

reduced. A reduction of the standing waves (waviness) may
be found from the fact that the standing waves of the resist
pattern produced by the method of the present invention is
considerably reduced, as compared to that in the case where
a metal oxide film is not formed on the surface of the
substrate.

[0054] For reducing the standing waves, it is necessary to
reduce the “standing wave ratio S” which is an index for
quantitating the standing waves, and which is represented by
the expression below and, for example, described in JP
2000-506288 A. For example, with respect to the resist film
for forming the resist pattern in the present invention, or
optionally a stacked film of the resist film and, for example,
the resist underlayer film, metal oxide film, and substrate, it
is necessary that the result of calculation of the reflectance
be 20% or less, preferably 15% or less, preferably 10% or
less, preferably 7% or less, preferably 6% or less.

S :4\/R‘Rb exp(-aDicos 0,)

[0055] In the above expression, S is standing wave ratio,
Rt is an interfacial reflectance between the resist and the air,
Rb is an interfacial reflectance between the resist and the
substrate, o is an absorption coefficient of the resist with
respect to the wavelength of the light source of exposure, D
is a thickness of the resist film, and an angle 6i of incidence
of' the light for exposure and an angle Or of refraction satisfy
the relationship: sin 6i/sin 6r=n,, /n, ., (Wherein n_,, and
n,.., are, respectively, refractive indexes of the air and the
resist) (reference document: T. Brunner, Proc. SPIE1466,
297 (1991)).

[Expression 1]

<Metal>

[0056] With respect to the metal in the present invention,
there is no particular limitation as long as it is a metal which
is used in the production of a semiconductor device as, for
example, a wiring material. Specific examples include iron,
copper, tin, and aluminum, but particularly, copper and
aluminum are preferred, and copper is especially preferred.

<Oxidation Treatment>

[0057] With respect to the oxidation treatment in the
present invention, there is no particular limitation as long as
it is a method of forming a metal oxide having a certain
thickness on the metal substrate, but the oxidation treatment
may be selected from a heating treatment in the presence of
oxygen, an oxygen plasma treatment, an ozone treatment, a
hydrogen peroxide treatment, and an oxidizing agent-con-
taining alkaline chemical liquid treatment.

<Thickness and n/k (Refractive Index/Absorption
Coeflicient)>

(Thickness)

[0058] The thickness of the metal oxide film in the present

invention may be controlled to have an appropriate thickness
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from the n/k (refractive index/absorption coefficient) value
for the wavelength for exposure by, for example, the known
reflectance simulation described in JP 2000-506288 A, but
is, for example, within the range of 1 to 100 nm. Accord-
ingly, the preferred range of the thickness of the resist
underlayer film/metal oxide film in the present invention is
within the range of (5 to 300 nm)/(1 to 100 nm).

(0/k (Refractive Index/Absorption Coefficient))

[0059] For example, when the wavelength for exposure is
365 nm, the n/k values of the metal oxide film and resist
underlayer film used in the present invention are values in
the following respective ranges.

[0060] Metal oxide film: n=1.0 to 4.0, k=0.1 to 2.0
[0061] Resist underlayer film: n=1.5 to 2.0, k=0.1 to 0.6

<Resist Underlayer Film>

[0062] With respect to the resist underlayer film in the
present invention, there is no particular limitation as long as
it is a resist underlayer film, which is disposed under the
resist in a lithography process for the production of a
semiconductor device, and which exhibits the advantageous
effects of the present invention, but the resist underlayer film
may comprise a known organic compound, and may com-
prise a known heterocyclic compound.

[0063] Alternatively, the resist underlayer film may com-
prise a known organic polymer or inorganic polymer.
[0064] The resist underlayer film described in the present
invention may be produced by applying a known resist
underlayer film-forming composition to a substrate and
baking the applied composition.

[0065] For example, the resist underlayer film may be a
resist underlayer film comprising the heterocyclic com-
pound having a dicyanostyryl group described in WO 2020/
255984.

[0066] For example, the resist underlayer film may com-
prise a compound represented by the following formula (I):

[Chemical formula 3]

Formula (I)
Z3
HO——Ry,
H—1—Ryo
B;
|
Az
|
O N (0]
H OHH H OHH
7y B—A—N N—AZ—BZ—‘_'_'_ZZ
R4 Rs R5 \"/ R; RS R9
(@]
wherein:

each of A, to A, is independently a direct bond or an
optionally substituted alkylene group having 1 to 6 carbon
atoms,

each of B, to B; independently represents a direct bond, an
ether linkage, a thioether linkage, or an ester linkage,
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each of R, to R, , independently represents a hydrogen atom,
a methyl group, or an ethyl group, and
Z, to 75 represent the following formula (II):

[Chemical formula 4]

Formula (IT)

R
CN
. T
KX CN
2
(X
wherein:

each of n quantity of X independently represents an alkyl
group, a hydroxy group, an alkoxy group, an alkoxycarbonyl
group, a halogen atom, a cyano group, or a nitro group,

R represents a hydrogen atom, an alkyl group, or an arylene
group,

Y represents an ether linkage, a thioether linkage, or an ester
linkage, and

n represents an integer of 0 to 4.

[0067] Examples of the alkyl groups include optionally
substituted, linear or branched alkyl groups, and examples of
such alkyl groups include a methyl group, an ethyl group, a
n-propyl group, an isopropyl group, a n-butyl group, a
sec-butyl group, a tert-butyl group, a n-pentyl group, an
isopentyl group, a neopentyl group, a n-hexyl group, an
isohexyl group, a n-heptyl group, a n-octyl group, a cyclo-
hexyl group, a 2-ethylhexyl group, a n-nonyl group, an
isononyl group, a p-tert-butylcyclohexyl group, a n-decyl
group, a n-dodecylnonyl group, an undecyl group, a dodecyl
group, a tridecyl group, a tetradecyl group, a pentadecyl
group, a hexadecyl group, a heptadecyl group, an octadecyl
group, a nonadecyl group, and an eicosyl group. Preferred is
an alkyl group having 1 to 20 carbon atoms, more preferred
is an alkyl group having 1 to 12 carbon atoms, further
preferred is an alkyl group having 1 to 8 carbon atoms, and
most preferred is an alkyl group having 1 to 4 carbon atoms.
[0068] Examples of the alkoxy groups include groups
corresponding to the above-mentioned alkyl groups having
an oxygen atom bonded thereto. Examples of such groups
include a methoxy group, an ethoxy group, a propoxy group,
and a butoxy group.

[0069] Examples of the alkoxycarbonyl groups include
groups corresponding to the above-mentioned alkyl groups
having an oxygen atom and a carbonyl group bonded
thereto. Examples of such groups include a methoxycarbo-
nyl group, an ethoxycarbonyl group, a propoxycarbonyl
group, and a butoxycarbonyl group.

[0070] Examples of the alkylene groups include divalent
groups obtained by further removing a hydrogen atom from
the above-mentioned alkyl group. Examples of such groups
include a methylene group, an ethylene group, a 1,3-pro-
pylene group, and a 1,2-propylene group.

[0071] Examples of the arylene groups include a phe-
nylene group, an o-methylphenylene group, a m-methylphe-
nylene group, a p-methylphenylene group, an a-naphthylene
group, a f-naphthylene group, an o-biphenylylene group, a
m-biphenylylene group, a p-biphenylylene group, a 1-an-
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thrylene group, a 2-anthrylene group, a 9-anthrylene group,
a l-phenanthrylene group, a 2-phenanthrylene group, a
3-phenanthrylene group, a 4-phenanthrylene group, and a
9-phenanthrylene group. Preferred is an arylene group hav-
ing 6 to 14 carbon atoms, and more preferred is an arylene
group having 6 to 10 carbon atoms.

[0072] The halogen atom generally indicates atoms of
fluorine, chlorine, bromine, and iodine.

[0073] The ester linkage in the present invention includes
—COO— and —OCO—.

[0074] The entire disclosure of WO 2020/255984 is incor-
porated herein by reference.

[0075] The resist underlayer film in the present invention
may comprise the polymer having a repeating unit structure,
which is described in WO 2013/018802, and represented by
the following formula (1):

[Chemical formula 5]

M

O
Job e e
B
)_Xl Al A A Ay As A
(@)

wherein each of A;, A,, A;, A,, A;, and A represents a
hydrogen atom, a methyl group, or an ethyl group; X,
represents the following formula (2), (3), (4), or (0):

[Chemical formula 6]

@

&)

R, O

@)

R;

V)
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wherein each of R; and R, represents a hydrogen atom, a
halogen atom, an alkyl group having 1 to 6 carbon atoms, an
alkenyl group having 3 to 6 carbon atoms, a benzyl group,
or a phenyl group, wherein the alkyl group having 1 to 6
carbon atoms, alkenyl group having 3 to 6 carbon atoms,
benzyl group, and phenyl group are optionally substituted
with a group selected from the group consisting of an alkyl
group having 1 to 6 carbon atoms, a halogen atom, an alkoxy
group having 1 to 6 carbon atoms, a nitro group, a cyano
group, a hydroxy group, a carboxyl group, and an alkylthio
group having 1 to 6 carbon atoms, and wherein R | and R, are
optionally bonded together to form a ring having 3 to 6
carbon atoms; and R; represents a halogen atom, an alkyl
group having 1 to 6 carbon atoms, an alkenyl group having
3 to 6 carbon atoms, a benzyl group, or a phenyl group,
wherein the phenyl group is optionally substituted with a
group selected from the group consisting of an alkyl group
having 1 to 6 carbon atoms, a halogen atom, an alkoxy group
having 1 to 6 carbon atoms, a nitro group, a cyano group, a
hydroxy group, and an alkylthio group having 1 to 6 carbon
atoms,

and Q represents the following formula (5) or (6):

[Chemical formula 7]

®

I
——O—C QI -0—
(6)
O

A
P

wherein Q, represents an alkylene group having 1 to 10
carbon atoms, a phenylene group, a naphthylene group, or an
anthrylene group, wherein the alkylene group, phenylene
group, naphthylene group, and anthrylene group are inde-
pendently optionally substituted with an alkyl group having
1 to 6 carbon atoms, a carbonyloxyalkyl group having 2 to
7 carbon atoms, a halogen atom, an alkoxy group having 1
to 6 carbon atoms, a phenyl group, a nitro group, a cyano
group, a hydroxy group, an alkylthio group having 1 to 6
carbon atoms, a group having a disulfide group, a carboxyl
group, or a group comprising a combination of the above
groups; each of n, and n, represents a number of 0 or 1; and
X, represents the formula (2), (3), or (0).

[0076] The resist underlayer film in the present invention
may be derived from the resist underlayer film-forming
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composition described in WO 2020/255985, the composi-
tion comprising a polymer (P) having a dicyanostyryl group
or a compound (C) having a dicyanostyryl group,

[0077] comprising a solvent,

[0078] being free from an alkylated aminoplast crosslink-
ing agent derived from melamine, urea, benzoguanamine, or
glycoluril, and

[0079] being free from a protonic acid curing catalyst.
[0080] The resist underlayer film-forming composition in
the present invention may be derived from the 1. improved
ARC composition described in JP H11-511194 A, the com-
position comprising:

[0081] a. a dye-grafted hydroxy-functional oligomer
reaction product of a preliminarily selected phenol- or
carboxylic acid-functional dye and a poly(epoxide)
resin having an epoxy functional value of more than 2.0
to less than 10, wherein the reaction product has
light-absorption properties effective for ARC applica-
tion to a base layer;

[0082] b. an alkylated aminoplast crosslinking agent
derived from melamine, urea, benzoguanamine, or gly-
coluril;

[0083] c. a protonic acid curing catalyst; and

[0084] d. a solvent system containing a low or medium
boiling-point alcohol, wherein, in the solvent system,
the alcohol occupies at least 20% by weight of the total
amount of the solvents contained, and the molar ratio of
the alcohol to the equivalent methylol unit of amino-
plast is at least 4:1,

and having:

[0085] e. an ether or ester linkage derived from a
poly(epoxide) molecule,

[0086] wherein the improved ARC prevents resist/ ARC
component intermixing by a heat curing effect of
ARGCs, provides an improved optical concentration in
the target exposure and ARC layer thickness, and
requires no high molecular-weight thermoplastic ARC
binder exhibiting a high solubility difference.

[0087] The resist underlayer film in the present invention
may be derived from the antireflection coating composition
described in JP 2009-37245 A, which is used in a micro-
lithographic process, wherein the composition comprises a
polymer dispersed or dissolved in a solvent system, a
crosslinking agent, a compound for light attenuation, and a
strong acid,

[0088] wherein the polymer is selected from the group
consisting of an acrylic polymer, a polyester, an epoxy
novolak, a polysaccharide, a polyether, a polyimide, and a
mixture thereof,

[0089] wherein the crosslinking agent is selected from the
group consisting of an amino resin and an epoxy resin,
[0090] wherein the compound for light attenuation is
selected from the group consisting of a phenolic compound,
a carboxylic acid, phosphoric acid, a cyano compound,
benzene, naphthalene, and anthracene, and

[0091] wherein the strong acid is contained in an amount
of less than 1.0% by mass, based on the mass of the
composition (100% by mass), and the strong acid is selected
from the group consisting of p-toluenesulfonic acid, sulfuric
acid, hydrochloric acid, hydrobromic acid, nitric acid, trif-
luoroacetic acid, and perchloric acid.

[0092] The entire disclosure of WO 2013/018802, WO
2020/255985, JP H11-511194 A, and JP 2009-37245 A is
incorporated herein by reference.

[0093] Alternatively, the resist underlayer film may be a
resist underlayer film comprising a compound represented
by the following formula.
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[Chemical formula 8]

CN \”/ CN
0
N A x
CN
NeTT U
0

NC CN
(0]
(0]
O N O CN
on Y \K o x
O\)\/N N\)\/O N
; Y
\ (@] (@]
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-continued
NC CN

0 0
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0
H:OH
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| "X ¢ |
N © 2 x
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o) N 0
OH Y \y/ o
NC x © 7 CN
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-continued
[Chemical formula 9]

O, N O
OH Y Y o
O\)\/N N\)\/O
CN CN

NC CN

AL 7T
PUSSSSUveRY

NC CN

N
[0094] The resist underlayer film may be a resist under- [0095] Inthe following formulae, m, n, and 1 represent the
layer film comprising a polymer having a unit structure number of repeating units or a molar ratio for copolymer-
represented by the following formula. ization.

[Chemical formula 10]

m n 1 /«\Aﬁ
(6] (6] (6] (6] (6] (6] O (6]
Hoj)
O
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-continued
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[Chemical formula 11]
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10

-continued
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11
-continued
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hemical formula 12

-continued
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13
-continued
[Chemical formula 13]
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HO CN HO CN
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ormula 14] A )
|
QVNTNQVNTN; Q)v Y e Y

oy

L
ssgeel

o
(o0



US 2024/0219834 Al
15
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[Chemical formula 15]
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<Method for Producing a Semiconductor Device, Resist
Underlayer Film, and Method for Forming a Resist Pattern>

[0096] The method for producing a semiconductor device
of the present invention comprises the steps of:

[0097] subjecting a substrate having a metal on a surface
thereof to oxidation treatment to form a metal oxide film on
the surface of the substrate;

[0098] applying a resist onto the metal oxide film and
baking the applied resist to form a resist film;

[0099] exposing the semiconductor substrate covered with
the metal oxide film and the resist; and

[0100] subjecting the exposed resist film to development
and patterning.
[0101] The method for producing a semiconductor device

of the present invention may comprise the steps of:

[0102] applying a resist underlayer film-forming compo-
sition to a substrate having a metal on a surface thereof, and
then heating the applied composition in the presence of
oxygen to form a stacked film having a resist underlayer film
present on a metal oxide film;

[0103] applying a resist onto the resist underlayer film and
baking the applied resist to form a resist film:

[0104] exposing the semiconductor substrate covered with
the resist underlayer film and the resist; and

[0105] subjecting the exposed resist film to development
and patterning.

[Substrate]

[0106] In the present invention, the substrate (semicon-
ductor substrate) used in producing a semiconductor device
includes, for example, a silicon wafer substrate, a silicon/
silicon dioxide coated substrate, a silicon nitride substrate, a
glass substrate, an ITO substrate, a polyimide substrate, and
a low permittivity material (low-k material) coated sub-
strate.

[0107] Recently, in the field of three-dimensional mount-
ing in a semiconductor production process, for the purpose
of shortening the wiring length between semiconductor
chips to achieve a fast response and save the power, the
application of an FOWLP process is starting. In an RDL

(redistribution layer) step for forming wiring between semi-
conductor chips, copper (Cu) is used as a wiring member,
and, as the copper wiring is miniaturizing, there is a need to
apply an antireflection film (resist underlayer film-forming
composition).

[Resist Underlayer Film and Method for Producing a
Semiconductor Device]

[0108] The resist underlayer film and method for produc-
ing a semiconductor device of the present invention are
described below.

[0109] The known resist underlayer film-forming compo-
sition in the present invention is applied onto the above-
mentioned substrate used in producing a semiconductor
device (for example, a substrate having copper on the
surface thereof) by an appropriate application method, such
as a spinner or a coater, and then baked to form a resist
underlayer film.

[0110] The resist underlayer film in the present invention
usually contains a compound or polymer for adjusting the
refractive index for antireflection, obtaining a light absorp-
tion or achieving adhesion to the materials contained in the
resist, as well as an acid generator, a crosslinking agent, and
a solvent. The conditions for baking are appropriately
selected from those at a baking temperature of 80 to 400° C.
for a baking time of 0.3 to 60 minutes. Preferred conditions
for baking are those at a baking temperature of 150 to 350°
C. for a baking time of 0.5 to 2 minutes. The thickness of the
formed resist underlayer film is, for example, within the
range of 1 to 1,000 nm, or 2 to 500 nm, or 3 to 400 nm, or
5 to 300 nm, or 5 to 200 nm, or 5 to 100 nm, or 5 to 80 nm,
or 5 to 50 nm, or 5 to 30 nm, or 5 to 20 nm.

[0111] Further, an inorganic resist underlayer film (hard
mask) may be formed on the organic resist underlayer film
in the present invention. For example, an inorganic resist
underlayer film may be formed from the silicon-containing
resist underlayer film (inorganic resist underlayer film)
forming composition described in WO 2009/104552A1 by a
spin coating method, or a Si inorganic material film may be
formed by, for example, a CVD method.
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[0112] Then, a resist film, for example, a layer of a
photoresist is formed on the resist underlayer film. The layer
of photoresist may be formed by a known method for
removing the solvent from the applied film comprising a
resist underlayer film-forming composition, namely, by
applying a photoresist composition solution onto the resist
underlayer film and baking the applied composition. The
thickness of the photoresist is, for example, within the range
of 50 to 10,000 nm, or 100 to 4,000 nm.

[0113] With respect to the photoresist formed on the resist
underlayer film, there is no particular limitation as long as it
is sensitive to a light used in the exposure. Any of a negative
photoresist and a positive photoresist may be used. They
include, for example, a positive photoresist comprising a
novolak resin and 1,2-naphthoquinonediazidosulfonate, a
chemical amplification photoresist comprising a binder hav-
ing a group which is decomposed due to an acid to increase
the alkali solubility, and a photo-acid generator, a chemical
amplification photoresist comprising a low-molecular
weight compound which is decomposed due to an acid to
increase the alkali solubility of the photoresist, an alkali-
soluble binder, and a photo-acid generator, and a chemical
amplification photoresist comprising a binder having a
group which is decomposed due to an acid to increase the
alkali solubility, a low-molecular weight compound which is
decomposed due to an acid to increase the alkali solubility
of the photoresist, and a photo-acid generator. For example,
they include trade name: APEX-E, manufactured by Shipley
Company, Inc., trade name: PAR710, manufactured by
Sumitomo Chemical Co., Ltd., and trade name: SEPR430,
manufactured by Shin-Etsu Chemical Co., Ltd. Further,
there can be mentioned fluorine atom-containing polymer
photoresists described in, for example, Proc. SPIE, Vol.
3999, 330-334 (2000), Proc. SPIE, Vol. 3999, 357-364
(2000), and Proc. SPIE, Vol. 3999, 365-374 (2000).

[0114] Next, a resist pattern is formed by irradiation with
a light or electron beam and development. Exposure through
a predetermined mask is first conducted. In the exposure, for
example, a near ultraviolet light, a far ultraviolet light, or an
extreme ultraviolet light (e.g., EUV (wavelength: 13.5 nm))
is used. Specifically, for example, an i-line (wavelength: 365
nm), a KrF excimer laser (wavelength: 248 nm), an ArF
excimer laser (wavelength: 193 nm), or an F, excimer laser
(wavelength: 157 nm) may be used. Of these, an i-line
(wavelength: 365 nm) is preferred. After the exposure, if
necessary, post exposure bake may be conducted. The post
exposure bake may be performed under conditions appro-
priately selected from those at a heating temperature of 70
to 150° C. for a heating time of 0.3 to 10 minutes.

[0115] Further, in the present invention, as a resist, instead
of'the photoresist, a resist for electron beam lithography may
be used. Any of a negative electron beam resist and a
positive electron beam resist may be used. They include, for
example, a chemical amplification resist comprising an acid
generator and a binder having a group which is decomposed
due to an acid to change the alkali solubility, a chemical
amplification resist comprising an alkali-soluble binder, an
acid generator, and a low-molecular weight compound
which is decomposed due to an acid to change the alkali
solubility of the resist, a chemical amplification resist com-
prising an acid generator, a binder having a group which is
decomposed due to an acid to change the alkali solubility,
and a low-molecular weight compound which is decom-
posed due to an acid to change the alkali solubility of the
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resist, a non-chemical amplification resist comprising a
binder having a group which is decomposed due to an
electron beam to change the alkali solubility, and a non-
chemical amplification resist comprising a binder having a
site. which suffers breakage due to an electron beam to
change the alkali solubility. Also when using the above
electron beam resist, a resist pattern may be similarly formed
as in the case where a photoresist is used and an electron
beam is used as a source of irradiation.

[0116] Then, development using a developer is conducted.
In the development, for example, when a positive photore-
sist is used, the exposed portions of the photoresist are
removed, so that a photoresist pattern is formed.

[0117] Examples of developers include alkaline aqueous
solutions, e.g., aqueous solutions of an alkali metal hydrox-
ide, such as potassium hydroxide or sodium hydroxide,
aqueous solutions of a quaternary ammonium hydroxide,
such as tetramethylammonium hydroxide, tetracthylammo-
nium hydroxide, or choline, and aqueous solutions of an
amine, such as ethanolamine, propylamine, or ethylenedi-
amine. Further, for example, a surfactant can be added to the
above developer. The conditions for the development are
appropriately selected from those at a temperature of 5 to
50° C. for a time of 10 to 600 seconds.

[0118] In the present invention, an organic underlayer film
(lower layer) is formed on a substrate, then an inorganic
underlayer film (intermediate layer) is formed on the organic
film, and the resultant film may be covered with a photore-
sist (upper layer). By virtue of this, even when a substrate is
covered with a photoresist having a smaller thickness for
preventing an occurrence of pattern collapse due to a
reduced pattern width of the photoresist, appropriate selec-
tion of an etching gas enables processing of the substrate.
For example, processing of the resist underlayer film may be
made by using as an etching gas a fluorine-based gas having
an etching rate satisfactorily faster than that for the photo-
resist, and processing of the substrate may be made by using
as an etching gas a fluorine-based gas having an etching rate
satisfactorily faster than that for the inorganic underlayer
film, and further processing of the substrate may be made by
using as an etching gas an oxygen-based gas having an
etching rate satisfactorily faster than that for the organic
underlayer film.

[0119] Subsequently, using the thus formed photoresist
pattern as a protective film, the inorganic underlayer film is
removed, and then, using a film comprising the patterned
photoresist and inorganic underlayer film as a protective
film, the organic underlayer film is removed. Finally, using
the patterned inorganic underlayer film and organic under-
layer film as a protective film, processing of the semicon-
ductor substrate is performed.

[0120] First, portions of the inorganic underlayer film,
from which the photoresist has been removed, is removed by
dry etching so that the semiconductor substrate is allowed to
expose. In the dry etching for the inorganic underlayer film,
for example, a gas of tetrafluoromethane (CF,), perfluoro-
cyclobutane (C,Fg), perfluoropropane (C;Fg), trifluo-
romethane, carbon monoxide, argon, oxygen, nitrogen, sul-
fur hexafluoride, difluoromethane, nitrogen trifluoride,
chlorine trifluoride, chlorine, trichloroborane, or dichlorobo-
rane may be used. In the dry etching for the inorganic
underlayer film, a halogen-based gas is preferably used, and
a fluorine-based gas is more preferably used. Examples of
fluorine-based gases include tetrafluoromethane (CF,), per-



US 2024/0219834 Al

fluorocyclobutane (C,Fy), perfluoropropane (C;Fy), trifluo-
romethane, and difluoromethane (CH,F,).

[0121] Then, using a film comprising the patterned pho-
toresist and inorganic underlayer film as a protective film,
the organic underlayer film is removed.

[0122] The inorganic underlayer film containing silicon
atoms in a large amount is unlikely to be removed by dry
etching using an oxygen-based gas, and therefore the
organic underlayer film is frequently removed by dry etch-
ing using an oxygen-based gas.

[0123] Finally, processing of the semiconductor substrate
is conducted. The processing of the semiconductor substrate
is preferably conducted by dry etching using a fluorine-
based gas.

[0124] Examples of fluorine-based gases include tetrafluo-
romethane (CF,), perfluorocyclobutane (C,Fy), pertluoro-
propane (C,Fyg), trifluoromethane, and difluoromethane
(CH,F,).

[0125] Further, before forming the photoresist, an organic
antireflection film may be formed on the resist underlayer
film as an upper layer. With respect to the antireflection film
composition used in forming the antireflection film, there is
no particular limitation, and an antireflection film composi-
tion may be arbitrarily selected from those which have been
commonly used in a lithography process, and an antireflec-
tion film may be formed by a method commonly used, for
example, by applying the composition using a spinner or a
coater and baking the applied composition.

[0126] The resist underlayer film formed from the resist
underlayer film-forming composition may have an absorp-
tion with respect to the light used in a lithography process
depending on the wavelength of the light. In such a case, the
resist underlayer film may function as an antireflection film
having an effect of preventing a light reflected from the
substrate. Further, the resist underlayer film formed from the
resist underlayer film-forming composition in the present
invention may function as a hard mask. The resist underlayer
film in the present invention may also be used as, for
example, a layer for preventing an interaction between a
substrate and a photoresist, a layer having a function for
preventing an adverse effect on a substrate by the material
used in a photoresist or by a substance formed during the
exposure for the photoresist, a layer having a function for
preventing a substance generated from a substrate upon
heating or baking from diffusing into a photoresist as an
upper layer, and a barrier layer for reducing the photoresist
layer poisoning effect of a semiconductor substrate dielectric
layer.

[0127] Further, the resist underlayer film formed from the
resist underlayer film-forming composition is applied to a
substrate used in a dual-damascene process having via holes
formed, and can be used as an encapsulation material
capable of completely filling holes. Furthermore, the resist
underlayer film can also be used as a planarization material
for flattening the uneven surface of a semiconductor sub-
strate.

[0128] Meanwhile, for the purpose of simplifying the
steps for process, reducing a damage of the substrate, or
reducing the cost, instead of removal of the film by dry
etching, a method for removal of the film by wet etching
using a chemical liquid is studied. A resist underlayer film
formed from a conventional resist underlayer film-forming
composition, however, needs to be formed as a cured film
having a solvent resistance in order to suppress the mixing
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of'the film and the resist being applied. Further, in patterning
the resist, a developer for resolving the resist must be used,
and the resistance to the developer is indispensable to the
cured film. In the method for producing a substrate having
a resist pattern of the present invention, the resist underlayer
film may be a resist underlayer film that can be etched
(removed) by a wet etching liquid.

[0129] The wet etching liquid preferably contains, for
example, an organic solvent, and may contain an acidic
compound or a basic compound. Examples of organic sol-
vents include dimethyl sulfoxide, dimethylformamide, dim-
ethylacetamide, N-methylpyrrolidone, N-ethylpyrrolidone,
ethylene glycol, propylene glycol, and diethylene glycol
dimethyl ether. Examples of acidic compounds include
inorganic acids and organic acids, and examples of inorganic
acids include hydrochloric acid, sulfuric acid, nitric acid,
and phosphoric acid, and examples of organic acids include
p-toluenesulfonic acid, trifluoromethanesulfonic acid, sali-
cylic acid, 5-sulfosalicylic acid, 4-phenolsulfonic acid, cam-
phorsulfonic acid, 4-chlorobenzenesulfonic acid, benzene-
disulfonic acid, 1-naphthalenesulfonic acid, acetic acid,
propionic acid, trifluoroacetic acid, citric acid, benzoic acid,
hydroxybenzoic acid, and naphthalenecarboxylic acid.
Examples of basic compounds include inorganic bases and
organic bases, and examples of inorganic bases include
alkali metal hydroxides, such as sodium hydroxide and
potassium hydroxide; quaternary ammonium hydroxides,
such as tetramethylammonium hydroxide, tetracthylammo-
nium hydroxide, and choline; and amines, such as etha-
nolamine, propylamine, diethylaminoethanol, and ethylene-
diamine. Further, in the wet etching liquid, a single type of
organic solvent may be used, or two or more types of organic
solvents may be used in combination. A single type of acidic
compound or basic compound may be used, or two or more
types of acidic compounds or basic compounds may be used
in combination. The amount of the acidic compound or basic
compound incorporated is within the range of 0.01 to 20%
by weight, preferably 0.1 to 5% by weight, especially
preferably 0.2 to 1% by weight, based on the weight of the
wet etching liquid. The wet etching liquid is preferably an
organic solvent containing a basic compound, especially
preferably a mixture containing dimethyl sulfoxide and
tetramethylammonium hydroxide.

[0130] Recently, in the field of three-dimensional mount-
ing in a semiconductor production process, the application
of an FOWLP (Fan-Out Wafer Level Package) process is
starting, and, in an RDL (redistribution layer) step for
forming a copper wiring, a resist underlayer film may be
applied.

[0131] In a representative RDL step, the application of the
resist underlayer film is described below, but is not limited
to the following description. A photosensitive insulating film
is first formed on a semiconductor chip, and then subjected
to irradiation with a light (exposure) and development to
perform patterning, so that a semiconductor chip electrode
portion is opened. Subsequently, a copper seed layer for
forming copper wiring as a wiring member in the plating
step is formed by sputtering. Further, a resist underlayer film
and a photoresist layer are successively formed, and then
subjected to irradiation with a light and development, per-
forming patterning of the resist. The unnecessary resist
underlayer film is removed by dry etching, and copper is
electroplated on the copper seed layer in the exposed resist
pattern, forming copper wiring as a first wiring layer.
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Further, the unnecessary resist, resist underlayer film, and
copper seed layer are removed by dry etching, wet etching,
or both. The formed copper wiring layer is further covered
with an insulating film, and then a copper seed layer, a resist
underlayer film, and a resist are formed in this order, and
patterning of the resist, removal of the resist underlayer film,
and copper plating are preformed, forming a second copper
wiring layer. The above steps are repeated to form an
intended copper wiring, and then a bump for taking an
electrode out is formed.

[0132] The resist underlayer film described in the present
invention may be removed by wet etching, and therefore
may be especially preferably used as a resist underlayer film
in the RDL step from the viewpoint of simplifying the steps
for process or reducing a damage of the substrate processed.
[0133] In addition, the meanings of the terms used in the
above description are as defined above.

<Method for Reducing Standing Waves of a Resist Pattern>

[0134] The method for reducing standing waves of a resist
pattern of the present invention comprises the steps of:
[0135] subjecting a substrate, preferably semiconductor
substrate, having a metal on a surface thereof to oxidation
treatment to form a metal oxide film on the surface of the
substrate;

[0136] applying a resist onto the metal oxide film and
baking the applied resist to form a resist film;

[0137] exposing the substrate, preferably a semiconductor
substrate, covered with the metal oxide film and the resist;
and

[0138] subjecting the exposed resist film to development
and patterning.
[0139] The method for reducing standing waves of a resist

pattern of the present invention may comprise the steps of:
[0140] applying a resist underlayer film-forming compo-
sition to a substrate, preferably semiconductor substrate,
having a metal on the surface thereof, and then heating the
applied composition in the presence of oxygen to form a
stacked film having a resist underlayer film present on a
metal oxide film;

[0141] applying a resist onto the resist underlayer film and
baking the applied resist to form a resist film;

[0142] exposing the substrate, preferably a semiconductor
substrate, covered with the resist underlayer film and the
resist; and

[0143] subjecting the exposed resist film to development
and patterning.

[0144] The meanings of the terms used in the above
description are as defined above.

EXAMPLES

[0145] Hereinbelow, the present invention will be
described in more detail with reference to the following
Examples, which should not be construed as limiting the
scope of the present invention.

Preparation Example 1

[Preparation of a Resist Underlayer Film-Forming
Composition]
[0146] To 3.63 g of the solution of the reaction product

(solids content: 16.78% by weight) produced by the method
in accordance with Synthesis Example 2 of WO 2020/
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255984 were added 0.12 g of tetramethoxymethylglycoluril
(trade name: POWDER LINK [registered trademark] 1174,
manufactured by Nihon Cytec Industries Inc.) as a cross-
linking agent, 0.006 g of pyridinium p-toluenesulfonate as a
crosslinking catalyst, 0.01 g of MEGAFACE R-30N (trade
name, manufactured by DIC Corporation), 134.37 g of
propylene glycol monomethyl ether, and 14.93 g of propyl-
ene glycol monomethyl ether acetate, to prepare a resist
underlayer film-forming composition for lithography in the
form of a solution. The above-mentioned reaction product
contains a structure represented by the following formula
(A-2).

[Chemical formula 17]

Formula (A-2)

Ly
OH
0, N 0
HO Y Y OH
L \)\/ N\”/ N\)\/ Ly
0
0
L
~0 CN
Zcx
e}
L3/ CN
A Nex

Wherein L, represents a bonding site to L, and L;.

[Evaluation of the Optical Coefficient of a Copper Oxide
Film]

[0147] Evaluation of the optical coefficient was made as
follows. A copper substrate was baked on a hotplate at 150°
C. for 10 to 60 minutes to form a copper oxide film on a
surface layer of the copper substrate. With respect to the
obtained copper oxide film, using a spectroscopic ellipsom-
eter (M-2000D, manufactured by J. A. Woollam Co., Inc.),
an n value (refractive index) and a k value (attenuation
coeflicient) were measured at a wavelength of 365 nm (i-line
wavelength). The results are shown in Table 1.

TABLE 1
Baking conditions wk (365 nm)
150° C., 10 min. 2.74/1.32
150° C., 30 min. 2.74/1.32
150° C., 60 min. 2.71/1.34

[0148] As apparent from the above results, the copper
oxide film obtained by the baking treatment on a hotplate
had an appropriate n value and k value at 365 nm, and thus
had an antireflection function that could suppress reflection
(standing wave) from the substrate, a cause of an unfavor-
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able resist pattern, in a lithography process using radiation,
such as an i-line. Therefore, the copper oxide film is advan-
tageously used as a resist underlayer film.

[Evaluation of the Optical Coefficient in Preparation
Example 1]

[0149] Evaluation of the optical coefficient was made as
follows. The resist underlayer film-forming composition for
lithography prepared in Preparation Example 1 was applied
onto a silicon wafer by a spin coater so as to have a thickness
of about 50 nm, and baked on a hotplate at 200° C. for 90
seconds. With respect to the obtained resist underlayer film,
using a spectroscopic ellipsometer (VUV-VASE, manufac-
tured by J. A. Woollam Co., Inc.), an n value (refractive
index) and a k value (attenuation coefficient) were measured
at a wavelength of 365 nm (i-line wavelength). The results
are shown in Table 2.

TABLE 2

n/k (365 nm)

Preparation Example 1 1.82/0.22

[0150] As apparent from the above results, the resist
underlayer film-forming composition obtained in Prepara-
tion Example 1 had an appropriate n value and k value at 365
nm, and thus had an antireflection function that could
suppress reflection (standing wave) from the substrate, a
cause of an unfavorable resist pattern, in a lithography
process using radiation, such as an i-line. Therefore, the film
obtained from the composition is advantageously used as a
resist underlayer film.

[Evaluation of the Resist Pattern Form]

Example 1

[0151] A copper substrate having a diameter of 8 inches
was baked on a hotplate at 150° C. for 30 minutes to form
a copper oxide film (thickness: about 20 nm) on the surface
layer of the copper substrate. Then, a commercially avail-
able positive resist for i-line exposure was applied to the
copper oxide film by a spin coater so as to have a thickness
of about 2 um, and prebaked on a hotplate at 90° C. for 3
minutes to form a photoresist stacked material. Then, the
photoresist stacked material was subjected to i-line exposure
using a stepper (NSR-2205112D, manufactured by Nikon
Corporation) through a pattern mask for resolution measure-
ment. After the exposure, the resultant stacked material was
post-baked at 90° C. for 90 seconds, and subjected to
development using a 2.38% aqueous solution of tetrameth-
ylammonium hydroxide (ITMAH) (product name: NMD-3,
manufactured by Tokyo Ohka Kogyo Co., L.td.), which is a
resist developer, obtaining a 0.8 pum resist pattern having a
1:1 line-and-space. Then, the cross-sectional form of the
obtained resist pattern was observed by means of a scanning
electron microscope, and waviness of the resist pattern form
due to the standing waves was evaluated.

Example 2

[0152] The resist underlayer film-forming composition for
lithography prepared in Preparation Example 1 was applied
onto a copper substrate having a diameter of 8 inches by a
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spin coater so as to make a layer having a thickness of about
10 nm, and baked on a hotplate at 200° C. for 90 seconds,
to form simultaneously a copper oxide film (thickness: about
10 nm) on a surface of the copper substrate and a layer of the
resist underlayer film-forming composition for lithography
on the copper oxide film. Then, an ordinary i-line resist was
applied thereon by a spin coater so as to make a film having
a thickness of about 2 um, and prebaked on a hotplate at 90°
C. for 3 minutes, to form a photoresist stacked material.
Then, the photoresist stacked material was subjected to
i-line exposure using a stepper (NSR-2205112D, manufac-
tured by Nikon Corporation) through a pattern mask for
resolution measurement. After the exposure, the resultant
stacked material was post-baked at 90° C. for 90 seconds,
and subjected to development using a 2.38% aqueous solu-
tion of tetramethylammonium hydroxide (TMAH) (product
name: NMD-3, manufactured by Tokyo Ohka Kogyo Co.,
Ltd.), a resist developer, obtaining a 0.8 um resist pattern
having a 1:1 line-and-space. Then, the cross-sectional form
of the obtained resist pattern was observed by means of a
scanning electron microscope, and waviness of the resist
pattern form due to the standing waves was evaluated.

Example 3

[0153] A copper substrate having a diameter of 8 inches
was baked on a hotplate at 150° C. for 30 minutes to form
a copper oxide film (thickness: about 20 nm) on a surface of
the copper substrate.

[0154] Then, the resist underlayer film-forming composi-
tion for lithography prepared in Preparation Example 1 was
applied to the copper oxide film by a spin coater so as to
make a layer having a thickness of about 10 nm, and baked
on a hotplate at 200° C. for 90 seconds, to form a layer of
the resist underlayer film-forming composition for lithogra-
phy on the copper oxide film. Then, an ordinary i-line resist
was applied to the composition by a spin coater so as to
make a film having a thickness of about 2 um, and prebaked
on a hotplate at 90° C. for 3 minutes, to form a photoresist
stacked material. Then, the photoresist stacked material was
subjected to i-line exposure using a stepper (NSR-
2205112D, manufactured by Nikon Corporation) through a
pattern mask for resolution measurement. After the expo-
sure, the resultant stacked material was post-baked at 90° C.
for 90 seconds, and subjected to development using a 2.38%
aqueous solution of tetramethylammonium hydroxide
(TMAH) (product name: NMD-3, manufactured by Tokyo
Ohka Kogyo Co., [td.), a resist developer, obtaining a 0.8
um resist pattern having a 1:1 line-and-space. Then, the
cross-sectional form of the obtained resist pattern was
observed by means of a scanning electron microscope, and
waviness of the resist pattern form due to the standing waves
was evaluated.

Comparative Example 1

[0155] A commercially available positive resist for i-line
exposure was applied onto a copper substrate having a
diameter of 8 inches by a spin coater so as to make a film
having a thickness of about 2 pm, and prebaked on a hotplate
at 90° C. for 3 minutes to form a photoresist stacked
material. Then, the photoresist stacked material was sub-
jected to i-line exposure using a stepper (NSR-2205112D,
manufactured by Nikon Corporation) through a pattern mask
for resolution measurement. After the exposure, the resultant
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stacked material was post-baked at 90° C. for 90 seconds,
and subjected to development using a 2.38% aqueous solu-
tion of tetramethylammonium hydroxide (TMAH) (product
name: NMD-3, manufactured by Tokyo Ohka Kogyo Co.,
Ltd.), a resist developer, obtaining a 0.8 um resist pattern
having a 1:1 line-and-space. Then, the cross-sectional form
of the obtained resist pattern was observed by means of a
scanning electron microscope, and waviness of the resist
pattern form due to the standing waves was evaluated.
[0156] Criteria for evaluation of the resist pattern form are
as follows. With respect to the waviness of the resist pattern
form due to the standing waves in Examples 1 to 3 and
Comparative Example 1, the rating “x” indicates that the
waviness is large, as compared to that in Comparative
Example 1, and the rating “o” indicates that the waviness is
small, as compared to that in Comparative Example 1, and
the results are shown in Table 3 below. The thickness of the
copper oxide film was measured by observing the cross-
section of the substrate using a scanning electron micro-
scope.

TABLE 3

Results of evaluation of resist pattern form

Resist underlayer  Suppression of

Inorganic film film standing wave

Example 1 Copper oxide — O
About 20 nm

Example 2 Copper oxide About 10 nm O
About 10 nm

Example 3 Copper oxide About 10 nm O
About 20 nm

Comparative — — —

Example 1

[0157] As apparent from the above results, in Examples 1

to 3, a resist pattern form having a smaller waviness due to
the standing waves, as compared to the waviness in Com-
parative Example 1, was obtained. That is, by using a copper
oxide film, or by using a copper oxide film and a resist
underlayer film combinedly, reflection (standing waves)
from the copper substrate caused at the time of exposure in
the lithography could be reduced, making it possible to
suppress occurrence of an unfavorable phenomenon of
waves of the resist pattern form after the development.

INDUSTRIAL APPLICABILITY

[0158] By the present invention, in a lithography process
for the production of a semiconductor device, the exposure
reflectance from a substrate can be reduced, so that standing
waves of a resist pattern (problem due to reflection) is
reduced, making it possible to obtain a resist pattern having
an excellent rectangular form on the substrate.
1. A method for producing a substrate having a resist
pattern, comprising the steps of:
subjecting a substrate having a metal on a surface thereof
to oxidation treatment to form a metal oxide film on the
surface of the substrate;
applying a resist onto the metal oxide film and baking the
applied resist to form a resist film;
exposing the substrate covered with the metal oxide film
and the resist; and
subjecting the exposed resist film to development and
patterning.
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2. A method for producing a substrate having a resist
pattern, comprising the steps of:

applying a resist underlayer film-forming composition to
a substrate having a metal on a surface thereof, and then
heating the applied composition in the presence of
oxygen to form a stacked film having a resist under-
layer film present on a metal oxide film;

applying a resist onto the resist underlayer film and
baking the applied resist to form a resist film;

exposing the substrate covered with the resist underlayer
film and the resist; and

subjecting the exposed resist film to development and
patterning.

3. The method for producing a substrate having a resist
pattern according to claim 1, wherein the resist pattern has
reduced standing waves.

4. The method for producing a substrate having a resist
pattern according to claim 1, wherein the oxidation treat-
ment is selected from a heating treatment in the presence of
oxygen, an oxygen plasma treatment, an ozone treatment, a
hydrogen peroxide treatment, and an oxidizing agent-con-
taining alkaline chemical liquid treatment.

5. The method for producing a substrate having a resist
pattern according to claim 1, wherein the metal comprises
coppet.

6. The method for producing a substrate having a resist
pattern according to claim 2, wherein the resist underlayer
film comprises a heterocyclic compound.

7. The method for producing a substrate having a resist
pattern according to claim 2, wherein the resist underlayer
film comprises a compound represented by the following
formula (I):

[Chemical formula 18]

Formula (I)
Z3
H—1—R)
HO——R,
H—T—Rypo
B;
|
Az
|
@) N (0]
H OH H H OHH
7, B—A—N N—A;—B, 7,
Rs Rg \"/ R; Rg Ry
(@]
wherein:

each of A, to A; is independently a direct bond or an
optionally substituted alkylene group having 1 to 6
carbon atoms,

each of B, to B, independently represents a direct bond,
an ether linkage, a thioether linkage, or an ester linkage,

each of R, to R,, independently represents a hydrogen
atom, a methyl group, or an ethyl group, and
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Z, to Z; represent the following formula (II):

[Chemical formula 19]
Formula (IT)

R
CN
I TR
Y —_—
K// CN
g
Xn
wherein:

each of n quantity of X independently represents an alkyl
group, a hydroxy group, an alkoxy group, an alkoxy-
carbonyl group, a halogen atom, a cyano group, or a
nitro group,
R represents a hydrogen atom, an alkyl group, or an
arylene group,
Y represents an ether linkage, a thioether linkage, or an
ester linkage, and
n represents an integer of 0 to 4.
8. A method for producing a semiconductor device, com-
prising the steps of:
subjecting a semiconductor substrate having a metal on a
surface thereof to oxidation treatment to form a metal
oxide film on the surface of the substrate;
applying a resist onto the metal oxide film and baking the
applied resist to form a resist film;
exposing the semiconductor substrate covered with the
metal oxide film and the resist; and
subjecting the exposed resist film to development and
patterning.
9. A method for producing a semiconductor device, com-
prising the steps of:
applying a resist underlayer film-forming composition to
a semiconductor substrate having a metal on a surface
thereof, and then heating the applied composition in the
presence of oxygen to form a stacked film having a
resist underlayer film present on a metal oxide film;
applying a resist onto the resist underlayer film and
baking the applied resist to form a resist film;
exposing the semiconductor substrate covered with the
resist underlayer film and the resist; and
subjecting the exposed resist film to development and
patterning.
10. A method for reducing standing waves of a resist
pattern, comprising the steps of:
subjecting a substrate or semiconductor substrate having
a metal on a surface thereof to oxidation treatment to
form a metal oxide film on the surface of the substrate;
applying a resist onto the metal oxide film and baking the
applied resist to form a resist film;
exposing the substrate or semiconductor substrate cov-
ered with the metal oxide film and the resist; and
subjecting the exposed resist film to development and
patterning.
11. A method for reducing standing waves of a resist
pattern, comprising the steps of:
applying a resist underlayer film-forming composition to
a substrate or semiconductor substrate having a metal
on a surface thereof, and then heating the applied

Jul. 4, 2024

composition in the presence of oxygen to form a
stacked film having a resist underlayer film present on
a metal oxide film;

applying a resist onto the resist underlayer film and
baking the applied resist to form a resist film;

exposing the substrate or semiconductor substrate cov-
ered with the resist underlayer film and the resist; and

subjecting the exposed resist film to development and
patterning.

12. The method for producing a substrate having a resist
pattern according to claim 2, wherein the resist pattern has
reduced standing waves.

13. The method for producing a substrate having a resist
pattern according to claim 2, wherein the metal comprises
coppet.

14. The method for producing a substrate having a resist
pattern according to claim 3, wherein the resist underlayer
film comprises a compound represented by the following
formula (I):

[Chemical formula 18]

Formula (I)
Z3
HO——Ry,
H—1—Ryo
Bs
|
Az
|
O N (0]
H OHH H OHH
7, B—A—N N—A,—B, 7,
Ry Rs Rg \"/ R7 Rg Ry
(@]
wherein:

each of A, to A; is independently a direct bond or an
optionally substituted alkylene group having 1 to 6
carbon atoms,

each of B, to B, independently represents a direct bond,
an ether linkage, a thioether linkage, or an ester linkage,

each of R, to R,, independently represents a hydrogen
atom, a methyl group, or an ethyl group, and

Z, to Z5 represent the following formula (II):

[Chemical formula 19]
Formula (II)
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wherein:

each of n quantity of X independently represents an alkyl
group, a hydroxy group, an alkoxy group, an alkoxy-
carbonyl group, a halogen atom, a cyano group, or a
nitro group,

R represents a hydrogen atom, an alkyl group, or an
arylene group,

Y represents an ether linkage, a thioether linkage, or an
ester linkage, and

n represents an integer of 0 to 4.

15. The method for producing a substrate having a resist
pattern according to claim 4, wherein the resist underlayer
film comprises a compound represented by the following

formula (I):

[Chemical formula 18]

Formula (I)
Z3
H—1—R)
HO——Ry,
H—1—Ryo
Bs
|
Az
|
(@) N (0]
H OHH H OHH
7, B—A—N N—A,—B, 7,
Ry Rs Rg \n/ R; Rg Ro
(@]
wherein:

each of A, to A; is independently a direct bond or an
optionally substituted alkylene group having 1 to 6
carbon atoms,

each of B, to B; independently represents a direct bond,
an ether linkage, a thioether linkage, or an ester linkage,

each of R, to R,, independently represents a hydrogen
atom, a methyl group, or an ethyl group, and

Z, to Z; represent the following formula (II):

[Chemical formula 19]
Formula (IT)

R
CN
I TR
—_— Y —_—
K// CN
o
Xn
wherein:

each of n quantity of X independently represents an alkyl
group, a hydroxy group, an alkoxy group, an alkoxy-
carbonyl group, a halogen atom, a cyano group, or a

nitro group,
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R represents a hydrogen atom, an alkyl group, or an

arylene group,
Y represents an ether linkage, a thioether linkage, or an

ester linkage, and

n represents an integer of 0 to 4.

16. The method for producing a substrate having a resist
pattern according to claim 5, wherein the resist underlayer
film comprises a compound represented by the following
formula (I):

[Chemical formula 18]

Formula (I)
Z3
H—r—Rp
HO——R,
Bs
|
Az
|
O N (0]
H OH H H OHH
7, B—A—N N—A;,—B, 7,
Ry Rs Rg \"/ R; Rg Ry
(@]
wherein:

each of A; to A; is independently a direct bond or an
optionally substituted alkylene group having 1 to 6
carbon atoms,

each of B, to B, independently represents a direct bond,
an ether linkage, a thioether linkage, or an ester linkage,

each of R, to R, independently represents a hydrogen
atom, a methyl group, or an ethyl group, and

Z, to Z5 represent the following formula (II):

[Chemical formula 19]

Formula (II)
R
CN
I XX
oo
Xn
wherein:

each of n quantity of X independently represents an alkyl
group, a hydroxy group, an alkoxy group, an alkoxy-
carbonyl group, a halogen atom, a cyano group, or a
nitro group,

R represents a hydrogen atom, an alkyl group, or an

arylene group,

Y represents an ether linkage, a thioether linkage, or an

ester linkage, and

n represents an integer of 0 to 4.

17. The method for producing a substrate having a resist
pattern according to claim 6, wherein the resist underlayer
film comprises a compound represented by the following
formula (I):
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[Chemical formula 18]
Formula (I)
Z3
H—r—R);
HO——Ry;
H—r—Ryo
B;
|
Az
|
O, N O
H OHH H OHH
A B—A—N N—A,—B, Z
Ry Rs Rg \ﬂ/ R; Rg Ro
¢}
wherein:

each of A; to A; is independently a direct bond or an

optionally substituted alkylene group having 1 to 6
carbon atoms,

each of B, to B; independently represents a direct bond,
an ether linkage, a thioether linkage, or an ester linkage,

each of R, to R,, independently represents a hydrogen
atom, a methyl group, or an ethyl group, and

Z, to Z, represent the following formula (II):

[Chemical formula 19]

Formula (IT)

R
CN
I XX
\&\/ N
Xn
wherein:

each of n quantity of X independently represents an alkyl
group, a hydroxy group, an alkoxy group, an alkoxy-

carbonyl group, a halogen atom, a cyano group, or a
nitro group,

R represents a hydrogen atom, an alkyl group, or an
arylene group,

Y represents an ether linkage, a thioether linkage, or an
ester linkage, and

n represents an integer of 0 to 4.

18. The method for producing a substrate having a resist
pattern according to claim 12, wherein the resist underlayer

film comprises a compound represented by the following
formula (I):
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[Chemical formula 18]
Formula (I)
Z3
H—r—R);
HO——Ry;
H—r—Ryo
B;
|
Az
|
O, N O
H OH H H OHH
A B—A—N N—A,—B, 7>
Ry Rs Rg \"/ R7 Rg Ry
¢}
wherein:

each of A; to A; is independently a direct bond or an

optionally substituted alkylene group having 1 to 6
carbon atoms,

each of B, to B, independently represents a direct bond,
an ether linkage, a thioether linkage, or an ester linkage,

each of R, to R, independently represents a hydrogen
atom, a methyl group, or an ethyl group, and

Z, to Z, represent the following formula (II):

[Chemical formula 19]

Formula (II)
R
CN
I XX
\%\/ N
Xn
wherein:

each of n quantity of X independently represents an alkyl
group, a hydroxy group, an alkoxy group, an alkoxy-

carbonyl group, a halogen atom, a cyano group, or a
nitro group,

R represents a hydrogen atom, an alkyl group, or an
arylene group,

Y represents an ether linkage, a thioether linkage, or an
ester linkage, and

n represents an integer of 0 to 4.

19. The method for producing a substrate having a resist
pattern according to claim 13, wherein the resist underlayer

film comprises a compound represented by the following
formula (I):
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each of R, to R,, independently represents a hydrogen
[Chemical formula 18] atom, a methyl group, or an ethyl group, and
Z, to Z5 represent the following formula (II):
Formula (I)
Z3
[Chemical formula 19]
H——Rp
Formula (II)
HO——Ry, R
H—1—Ryo CN
5, I XX
I —Yr
1?3 \¢\/ CN
o) N, 0 Kn
H OHH H OHH
Z, BI—AI—N\H/N—AZ—BZ Z, wherein:
each of n quantity of X independently represents an alkyl
Re Rs R o) Rr Re By group, a hydroxy group, an alkoxy group, an alkoxy-
carbonyl group, a halogen atom, a cyano group, or a
nitro group,
wherein: R represents a hydrogen atom, an alkyl group, or an
each of A, to A; is independently a direct bond or an arylene group, ] ] ]
optionally substituted alkylene group having 1 to 6 Y represents an ether linkage, a thioether linkage, or an
carbon atoms, ester linkage, and
each of B, to B; independently represents a direct bond, n represents an integer of 0 to 4.
& & & & &

an ether linkage, a thioether linkage, or an ester linkage,



