CLAI M5

[Claim1]

A conposition for formng a netal-containing film
t he conposition functioning as a resist underlayer film
material and/or a resist material used in manufacturing
a sem conductor, the conposition conprising: (A a
conpound for formng a netal-containing filmwhich is
represented by the follow ng general fornmula (M1) or
(M2); and (B) an organic solvent,
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wherein Ti, T2, and T3 represent the foll ow ng general
formula (1) and are identical to or different from one
anot her; and Q represents a substituted or unsubstituted
al kyl group having 1 to 20 carbon atonms, a substituted
or unsubstituted cycloal kyl group having 3 to 20 carbon
atons, a substituted or unsubstituted aliphatic

unsat urated organic group having 2 to 20 carbon atons
and having one or nore double bonds or triple bonds, a
substituted or unsubstituted aryl group having 6 to 30
carbon atonms, a substituted or unsubstituted aryl al kyl
group having 7 to 31 carbon atonms, or a conbi nation of
t hese groups,
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wherein X represents a saturated dival ent organic group
having 1 to 20 carbon atons, an unsaturated dival ent
organi c group having 2 to 20 carbon atons, a saturated
trival ent organic group having 1 to 20 carbon atons, or
an unsaturated trivalent organic group having 2 to 20
carbon atons; Wrepresents the foll ow ng general fornula
(1A); “p” represents 1 or 2; and “*” represents an

attachnment point to an Sn atom
W= *_Y_(RA)h (1A)

wherein Y represents a saturated dival ent organic group
having 1 to 20 carbon atonms and optionally being
substituted with a heteroatom or an unsaturated dival ent
organi c group having 2 to 20 carbon atons and optionally
bei ng substituted with a heteroatont RA represents a
hydroxy group or a structure represented by one of the
foll ow ng general fornulae (a-1) to (a-3); “h”

represents 1 to 6; and “*” represents an attachnent

poi nt,
o *x *
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wherein Ry represents a hydrogen atom or a nonoval ent
organic group having 1 to 10 carbon atons; “Qq”
represents 0 or 1; and “*” represents an attachnent
point to Y.

[ Claim 2]

The conposition for form ng a metal-containing
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filmaccording to claim1, wherein the Win the general
formula (1) has a structure represented by the follow ng

general formula (1B),
R2),

*%o\/IO,Rm *—Z—H—ém_ ‘] (1B)

u RA2)
t
wherein RAl represents a structure represented by the
general formula (a-1); RA2 represents a hydroxy group or
one of the structures represented by the genera
formul ae (a-2) and (a-3); Z represents an oxygen atom or
a secondary am ne; L represents a dival ent hydrocarbon
group having 1 to 10 carbon atons; R represents a
saturated dival ent organic group having 1 to 20 carbon
atonms or an unsaturated dival ent organic group having 2
to 20 carbon atons; “t” represents 1 to 6; “s”
represents 0 to 5; t+s is 1 or nore and 6 or less; “r”
represents 1 to 10; “u” represents 0 or 1; “ni
represents 0 or 1; and “*” represents an attachnent

poi nt .

[ Claim 3]

The conposition for form ng a metal-containing
filmaccording to claim1 or 2, wherein the X in the
general formula (1) represents an unsaturated

hydr ocarbon having 2 to 20 carbon atons.

[ Cl ai m 4]

The conposition for form ng a metal-containing
filmaccording to any one of claims 1 to 3, wherein the
conpound for formng a netal-containing filmis

represented by the follow ng general fornula (2),

115



0 0
R YN0 07 N R (2)
b b
R® Sn R
Q" q

wherein Rt and RP represent a hydrogen atomor a
nonoval ent organic group having 1 to 20 carbon atons, Re
and Rt optionally being bonded to each other to forma
cyclic substituent together with carbon atons bonded
thereto; and Q and Ware as defined above.

[ Clai m 5]

The conposition for form ng a metal-containing
filmaccording to any one of clainms 1 to 4, wherein the
conpound for formng a netal-containing filmsatisfies
1.00 £ Mw/Mn £ 1.30, where Mw is a weight-average
nol ecul ar wei ght and Mh is a nunber-average nol ecul ar
wei ght nmeasured by gel perneation chromatography in
terms of polystyrene.

[ Clai m 6]

The conposition for form ng a netal-containing
filmaccording to any one of clainms 1 to 5, wherein the
conposition for formng a netal-containing filmis
usable as a resist underlayer filmused in a nultilayer
resi st method, the conposition further conprising one or
nore of (C) a crosslinking agent, (D) a high-boiling-
poi nt solvent, (E) a surfactant, and (F) a flowability
accelerator which is mxed with the conpound for form ng
a netal-containing filmand serves to inprove the film
formability by spin-coating and the filling property for
a stepped substrate,
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wherei n the high-boiling-point solvent (D) is one
or nore kinds of organic solvent having a boiling point
of 180°C or higher.

[Claim 7]

The conposition for form ng a metal-containing
filmaccording to any one of claims 1 to 6, further
conprising (G netal oxide nanoparticles having an

average primary particle size of 100 nm or | ess.

[ Cl ai m 8]

The conposition for form ng a netal-containing
filmaccording to claim?7, wherein the nmetal oxide
nanoparticles (G are selected fromthe group consisting
of zirconium oxi de nanoparticles, hafnium oxide
nanoparticles, titanium oxide nanoparticles, tin oxide

nanoparticles, and tungsten oxi de nanoparticles.

[ Clai m 9]

A patterning process for formng a pattern in a
substrate to be processed, conprising the steps of:

(1-1) applying the conposition for formng a
nmetal -containing filmaccording to any one of clains 1
to 8 onto a substrate to be processed, followed by
heating to forma netal-containing film

(1-2) formng a resist upper layer filmon the
metal -containing filmby using a photoresist materi al;

(1-3) subjecting the resist upper layer filmto
pattern exposure and then devel opnment with a devel oper
to forma pattern in the resist upper |ayer film

(1-4) transferring the pattern to the netal -
containing filmby dry etching while using the resist

upper |ayer filmhaving the fornmed pattern as a mask;
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and

(1-5) processing the substrate to be processed
whil e using the netal-containing film having the fornmed
pattern as a mask to formthe pattern in the substrate
to be processed.

[ Claim10]

A patterning process for formng a pattern in a
substrate to be processed, conprising the steps of:

(1'1-1) applying the conposition for formng a
metal -containing filmaccording to any one of clainms 1
to 8 onto a substrate to be processed, followed by
heating to forma netal-containing film

(I'1-2) formng a resist mddle layer filmon the
metal -containing film

(1'1-3) formng a resist upper layer filmon the
resist mddle layer filmby using a photoresist
mat eri al ;

(I'l-4) subjecting the resist upper layer filmto
pattern exposure and then devel opment with a devel oper
to forma pattern in the resist upper |ayer film

(I'l-5) transferring the pattern to the resist
m ddl e | ayer filmby dry etching while using the resist
upper |ayer film having the fornmed pattern as a mask;

(I'l-6) transferring the pattern to the netal -
containing filmby dry etching while using the resist
m ddl e | ayer filmhaving the transferred pattern as a
mask; and

(I1'l-7) processing the substrate to be processed
whil e using the netal -containing film having the fornmed
pattern as a mask to formthe pattern in the substrate

to be processed.
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[Claim11]

A patterning process for formng a pattern in a
substrate to be processed, conprising the steps of:

(1'11-1) applying the conposition for form ng a
metal -containing filmaccording to any one of clainms 1
to 8 onto a substrate to be processed, followed by
heating to forma netal-containing film

(1'11-2) form ng an inorganic hard nmask m ddl e
| ayer film selected froma silicon oxide film a silicon
nitride film and a silicon oxynitride filmon the
metal -containing film

(1'11-3) formng an organic thin filmon the
i norgani ¢ hard mask m ddle layer film

(111-4) formng a resist upper layer filmon the
organic thin film by using a photoresist materi al;

(I'l'1-5) subjecting the resist upper layer filmto
pattern exposure and then devel opnent with a devel oper
to forma pattern in the resist upper |ayer film

(I1'1'1-6) transferring the pattern to the organic
thin filmand the inorganic hard mask m ddle |layer film
by dry etching while using the resist upper layer film
having the fornmed pattern as a mask;

(1'11-7) transferring the pattern to the netal -
containing filmby dry etching while using the inorganic
hard mask m ddl e |ayer film having the transferred
pattern as a mask; and

(1'1'1-8) processing the substrate to be processed
whil e using the netal -containing film having the fornmed
pattern as a mask to formthe pattern in the substrate
to be processed.

[Claim 12]
The patterning process according to claim 11,
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wherein the inorganic hard mask mddle layer filmis
formed by a CVD nethod or an ALD net hod.

[Claim13]

A patterning process for formng a pattern in a
substrate to be processed, conprising the steps of:

(I'V-1) formng a resist underlayer filmon a
substrate to be processed;

(1'V-2) applying the conposition for formng a
metal -containing filmaccording to any one of clainms 1
to 8 onto the resist underlayer film followed by
heating to forma netal-containing film

(I'V-3) formng a resist upper layer filmon the
metal -containing filmby using a photoresist materi al;

(I'V-4) subjecting the resist upper layer filmto
pattern exposure and then devel opnent with a devel oper
to forma pattern in the resist upper |ayer film

(I'V-5) transferring the pattern to the netal -
containing filmby dry etching while using the resist
upper |ayer filmhaving the fornmed pattern as a mask;

(I'V-6) transferring the pattern to the resist
underl ayer filmby dry etching while using the netal -
containing filmhaving the transferred pattern as a
mask; and

(I'V-7) processing the substrate to be processed
whil e using the resist underlayer film having the forned
pattern as a mask to formthe pattern in the substrate

to be processed.

[ Cl ai m 14]
A patterning process for formng a pattern in a
substrate to be processed, conprising the steps of:

(V-1) formng a resist underlayer filmon a
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substrate to be processed;

(V-2) formng a resist mddle |layer filmor a
conbi nati on of an inorganic hard mask m ddle [ayer film
selected froma silicon oxide film a silicon nitride
film and a silicon oxynitride filmand an organic thin
filmon the resist underlayer film

(V-3) formng a resist upper layer filmon the
resist mddle layer filmor the conbination of the
i norgani ¢ hard mask m ddle |layer filmand the organic
thin filmby using a photoresist materi al;

(V-4) subjecting the resist upper layer filmto
pattern exposure and then devel opnent with a devel oper
to forma pattern in the resist upper |ayer film

(V-5) transferring the pattern to the resist
m ddl e |l ayer filmor the organic thin filmand the
i norgani ¢ hard mask m ddle layer film by dry etching
whil e using the resist upper layer film having the
formed pattern as a mask

(V-6) transferring the pattern to the resist
underl ayer filmby dry etching while using the resist
m ddl e | ayer filmor the inorganic hard nask m ddl e
| ayer film having the transferred pattern as a mask;

(V-7) applying the conposition for formng a
metal -containing filmaccording to any one of clainms 1
to 8 onto the resist underlayer film having the fornmed
pattern, followed by heating to cover the resist
underlayer filmwith a netal-containing film thereby
filling a space between the resist underlayer film
patterns with the netal-containing film

(V-8) etching back the netal-containing film
covering the resist underlayer film having the fornmed
pattern by a chemi cal stripper or dry etching to expose

an upper surface of the resist underlayer film having
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the fornmed pattern;

(V-9) renoving the resist mddle layer filmor the
i norgani ¢ hard mask m ddle layer filmremining on the
upper surface of the resist underlayer filmby dry
et chi ng;

(V-10) renoving the resist underlayer film having
the formed pattern with its surface exposed by dry
etching to forma reverse pattern of an original pattern
on the netal-containing filnm and

(V-11) processing the substrate to be processed
whil e using the netal -containing film having the fornmed
reverse pattern as a mask to formthe reverse pattern in

t he substrate to be processed.

[Cl aim15]

A patterning process conmprising the steps of:

appl ying the conposition for formng a netal -
containing filmaccording to any one of clains 1 to 8
onto a substrate, followed by heating to forma resist
film

exposing the resist filmto a high-energy beam
and

devel opi ng the exposed resist filmby using a

devel oper.

[Claim16]
The patterning process according to claim 15

wherein an organi c solvent is used as the devel oper.

[Claim17]
The patterning process according to claim 16,
wherein the devel oper is one or nore organic solvents

selected from 2-octanone, 2-nonanone, 2-heptanone, 3-
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hept anone, 4-heptanone, 2-hexanone, 3-hexanone,

di i sobutyl ketone, nethyl cycl ohexanone, acetophenone,

nmet hyl acet ophenone, propyl acetate, butyl acetate,

i sobutyl acetate, pentyl acetate, butenyl acetate,

I sopentyl acetate, propyl formate, butyl formate,

I sobutyl formate, pentyl formate, isopentyl formate,

met hyl val erate, nethyl pentenoate, nmethyl crotonate,

et hyl crotonate, nmethyl |actate, ethyl lactate, propyl

| actate, butyl |actate, isobutyl l|lactate, pentyl |actate,
I sopentyl lactate, nmethyl 2-hydroxyisobutyrate, ethyl 2-
hydr oxyi sobutyrate, nmethyl benzoate, ethyl benzoate,
phenyl acetate, benzyl acetate, nmethyl phenyl acetate,
benzyl formate, phenylethyl formate, nethyl 3-

phenyl propi onate, benzyl propionate, ethyl phenyl acetate,
and 2-phenyl et hyl acetate.

[ Claim 18]

The patterning process according to any one of
claims 15 to 17, wherein an extrenme ultraviolet ray
havi ng a wavel ength of 3 to 15 nmis used as the high-

ener gy beam

[Claim 19]

The patterning process according to any one of
claims 15 to 17, wherein an el ectron beam having an
acceleration voltage of 1 to 250 kV is used as the high-

ener gy beam

[ Cl ai m 20]

A sem conductor photoresist material, wherein the
sem conductor photoresist material is the conposition
for formng a nmetal-containing filmaccording to any one

of claims 1 to 8 further conprising (H a photo-acid
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gener at or.
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