DESCRI PTI ON

TI TLE OF | NVENTI ON: COVPOUND FOR FORM NG METAL- CONTAI NI NG
FI LM COWPOSI TI ON FOR FORM NG METAL- CONTAI NI NG FI LM
PATTERNI NG PROCESS, AND SEM CONDUCTOR PHOTORESI ST
MATERI AL

TECHNI CAL FI ELD
[ 0001]

The present invention relates to: a conpound for
formng a netal-containing filnm conposition for form ng
a netal -containing filmcontaining the conpound; a
patterni ng process using the conposition; and a
sem conductor photoresist material containing the

conposi tion.

BACKGROUND ART
[ 0002]

As LSIs advance toward higher integration and
hi gher processing speed, mniaturization of pattern rule
is progressing rapidly. As a cutting-edge technol ogy
for mniaturization, ArF imersion |lithography has been
adopted for mass-produci ng 45-nm node devi ces and
smaller. In addition to ArF imrersion exposure, double
exposure (double patterning) processes have been put to
practical use in generations of 28-nm node devi ces and
smal l er, so that the formation of narrow-pitch patterns
t hat exceed the optical limt has al so becone possible.
[ 0003]

Furthernore, in the production of 20-nm node and
smal | er devices, studies have been carried out on
mul ti pl e exposure (multi-patterning) processes for

formng a pattern with a narrower pitch by repeating



exposure and etching three or nore tines. However,
mul ti pl e exposure processes have an increased number of
steps, and are faced with the situation that costs rise
consi derably due to degradation in productivity caused
by | onger tinme spent in manufacturing and nore frequent
generati on of defects.

[ 0004]

In recent years, vacuumultraviolet ray (EUV)

i thography with a wavel ength of 13.5 nmis attracting
attention as an effective technology to replace a
conmbination of ArF imrersion |lithography and nmultiple
exposure process. By using this technology, it has
beconme possible to forma fine pattern with a half pitch
of 25 nmor |less in one exposure.

[ 0005]

Meanwhi l e, in EUV |ithography, resist materials
are strongly required to have higher sensitivity to
conpensate for insufficient output of a |ight source.
However, increase in shot noise acconpanyi ng higher
sensitization |eads to increase in edge roughness (LER
and LMR) of line patterns, and conpatibility of higher
sensitization and | ow edge roughness is given as an
i nportant problemin EUV |ithography.

[ 0006]

As an attenpt 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 nmetal materi al
in aresist mterial. A conpound that contains a
metallic el ement such as barium titanium hafnium
zirconium or tin has a higher absorbance of EUV |ight
conpared to an organic material that does not contain
metal, and inprovenent of photosensitivity of resists

and suppression of the influence of shot noise can be



expected. Furthernore, a netal-containing resist
pattern is expected to achieve a high-selectivity

et ching process by conmbining with an underlayer film
made from a non-nmetal material.

[ 0007]

For example, resist materials with added netal
salt or organonetallic conplex disclosed in Patent
Docunents 1 and 2 or non-chemcally anplified resist
materials that use nanoparticles of netal oxide
di scl osed in Patent Docunments 3 and 4 are consi dered.

[ 0008]

I n particular, nolecules containing tin are
excellent in the absorption of an el ectron beam and an
extreme ultraviolet ray, and are actively researched.

In the case of an organotin polyner, which is one such
nol ecul e, al kyl ligand is dissociated by |ight
absorption or secondary el ectrons produced thereby and
crosslinked with adjacent chains through an oxo bond,
and thus enabl es the negative tone patterning which my
not be renoved by an organic devel oping solution. This
organic tin polymer can inprove sensitivity while

mai ntaining a resolution and |ine edge roughness, but
has not yet reached the standards for conmmrerci al

avai lability (Patent Document 5). 1In addition, many
problems still remain, such as insufficient storage
stability regarding change in resist sensitivity.

[ 0009]

To solve the problems, there is al so consideration
of devel opnent of the use of a material containing a
metal el ement, such as titanium hafnium zirconium and
tin, for a resist underlayer film There is no need for
t he inprovenent for performance, such as the enhancenent

of exposure sensitivity and the suppression of change in



sensitivity in storage environnent, which are issues in
resist materials containing netal. In addition, it nmay
be possible to provide a resist underlayer film
excellent in dry etching resistance when the netal

el ement is contained. Patent Docunent 6 reports that a
material containing a Ti conpound exhi bits excellent dry
et ching resistance to CHFs/ CFs- based gas and CO/ N2- based
gas.

[ 0010]

On the other hand, filling property is a problem
when using a netal compound for a resist underlayer film
Al t hough there is no nention of filling property in
Pat ent Docunent 6, a netal oxide conmpound generally has
| arge thermal shrinkage during baking and induces
remar kabl e degradation of filling after baking at a high
tenperature. Therefore, there is a concern that such a
conpound is insufficient as a resist underlayer film
mat erial for which high planarizing and filling
properties and heat resistance are required. Patent
Docunment 7 reports that a nmetal conpound nmodified with a
particul ar |igand has excellent filling property.
However, the baking tenperature in the performed filling
property evaluation is a |low tenperature of 150°C, and
there is a concern that the conpound is insufficient as
a resist underlayer film which requires heat resistance
(for exanple, resistance to a heat treatnent that is
perforned after the formation of a resist underlayer
filmin sone cases). Patent Docunent 8 provides a
resi st underlayer filmmaterial excellent in filling
property after baking at 400°C by m xing the netal
conpound reported in Patent Document 7 and an organic
pol ymer having a particular structure. However, since

the material is a m xed conposition of a metal conpound



which is inorganic and a polynmer which is organic, there
are concerns for filmformation defects, degradation of
storage stability, degradation of dry etching resistance,

etc. caused by conpatibility failure.

Cl TATI ON LI ST
PATENT LI TERATURE
[0011]

Pat ent Docunent 1. JP5708521B2

Pat ent Docunment 2: JP5708522B2

Pat ent Docunment 3: US9310684B2

Pat ent Docunment 4: US2017/0102612A1
Pat ent Docunent 5: JP2021-162865A
Pat ent Docunment 6: JP6189758B2

Pat ent Docunment 7: JP7050137B2

8:

Pat ent Docunent JP2022- 521531A
SUMVARY OF | NVENTI ON

TECHNI CAL PROBLEM

[0012]

The present invention has been nade in view of the
above-descri bed circunstances. An object of the present
invention is to provide: a conpound for formng a netal -
containing filmhaving better dry etching resistance
t han conventional resist underlayer filmmaterials and
al so having high filling and pl anari zing properties; a
conposition for formng a netal -containing film
contai ning the conpound; a patterning process in which
the conposition is used as a resist underlayer film
material; a patterning process in which the conposition
is used as a resist material; and a sem conduct or

phot oresi st material containing the conposition.



SOLUTI ON TO PROBLEM
[ 0013]

To achieve the object, the present invention
provi des a conmpound for formng a netal-containing film
to be contained in a conposition for formng a netal -
containing filmused in manufacturing a sem conduct or,
wherein the conpound for formng a nmetal -containing film
is represented by the follow ng general formula (M1) or
(M2),

Ty Ts
T1—S|n—T3 T1_S|n_Q
Q Q

(M-1) (M-2)

wherein Ti, T2, and T3 represent the foll ow ng general
formula (1) and are identical to or different fromone
anot her; and Q represents a substituted or unsubstituted
al kyl group having 1 to 20 carbon atons, 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 atons, or a conbination 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_QRA)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 * *
Ar ey TN
R, qR1 R
(a-1) (a-2) (a-3)

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.
[ 0014]

Such a conpound for form ng a netal-containing
filmhas at | east two organic groups shown by the



general formula (1), so that the conpound for formng a
nmetal -containing film has excellent solvent solubility
and excel |l ent heat resistance. |In addition, the
conmpound has a hydroxy group or a crosslinking group
having a structure shown by one of the general formnulae
(a-1) to (a-3) at the end, so that when the conmpound is
used in a conposition for formng a netal -contai ni ng
film volune shrinkage during baking is small.
Furthernmore, unlike tin-containing conpounds for form ng
a resist upper layer filmsuch as those reported in
Pat ent Docunent 5, the inventive conpound can provide a
resi st underlayer filmmaterial that has excellent film
formability and excell ent planarizing and filling
properties even after high-tenperature baking.
[ 0015]

In the present invention, the Win the general
formula (1) preferably has a structure represented by

the follow ng general formula (1B),
Ra2),

e TSN & < S

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 amne; L represents a divalent 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 O 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 attachnment
poi nt .

[ 0016]

When the Whas a structure shown by the general
formula (1B), thermal flowability of the conpound for
formng a netal-containing filmcan be enhanced, so that
when the conmpound is contained in a conposition for
formng a netal-containing film it is possible to
provide a resist underlayer filmmaterial that exhibits
better planarizing and filling properties.

[0017]

In the present invention, the X in the genera
formula (1) preferably represents an unsaturated
hydr ocarbon having 2 to 20 carbon atons.

[ 0018]

When the X in the general formula (1) represents
an unsaturated hydrocarbon having 2 to 20 carbon atons,
t hernmosetting property of the conpound for formng a
metal -containing filmcan be inproved further.

[ 0019]

The compound for form ng a metal -containing film

is preferably represented by the follow ng general

formula (2),

W._0 O LW
0 0
R Y 0 07 Re (2)
Rb Sn Rb
SN
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.
[ 0020]

When t he conpound for form ng a netal -containing
filmhas such a structure, both high thermal flowability
and high thernosetting property can be achieved. When
such a conpound is contained in a conposition for
formng a netal-containing film it is possible to
provide a resist underlayer filmmaterial that exhibits
better planarizing and filling properties.

[ 0021]

Furthermore, in the present invention, the
conpound for formng a nmetal-containing filmpreferably
satisfies 1.00 < Mw/Mn < 1.30, where Mw 1s a weight-
average nol ecul ar weight and Mh i s a nunber-average
nol ecul ar wei ght neasured by gel perneation
chromat ography in ternms of polystyrene.

[ 0022]

A conmpound for formng a nmetal -containing film
havi ng dispersity of such a range has even better
thermal flowability, so that when the conpound is
contained in a conposition for form ng a netal -
containing film not only is it possible to fil
favorably a fine structure formed on a substrate, it is
al so possible to forma resist underlayer film so that
the entire substrate is flat.

[ 0023]

The present invention also provides a conposition
for formng a metal-containing film the conposition
functioning as a resist underlayer filmmaterial and/or
a resist material used in manufacturing a sem conductor,
t he conposition conprising: (A the above-described

conpound for formng a netal-containing film and (B) an

10



organi ¢ sol vent.
[ 0024]

Such a conposition for form ng a metal -containing
filmcontains an organotin conpound excellent in heat
resi stance and thermal flowability, and therefore, can
provide a resist underlayer filmmaterial having better
dry etching resistance than conventi onal resist
underl ayer filmmaterials and al so having high filling
and pl anarizing properties. Furthernore, the
conposition contains tin atons, which are excellent in
absor bance of electron beam and extrenme ultraviolet ray,
so that when the conposition is contained in a resist
material, it is possible to provide a resist materi al
havi ng high sensitivity and high resolution particularly
in EUV and el ectron beam |ithography.

[ 0025]

In the present invention, the conposition for
formng a netal-containing filmnay be usable as a
resi st underlayer filmused in a nmultilayer resist
met hod, and the conposition can further conprise one or
nore of (C) a crosslinking agent, (D) a high-boiling-
poi nt solvent, (E) a surfactant, and (F) a flowability
accel erator.

[ 0026]

When the conposition for formng a netal -
containing filmcontains one or nore of the above
additives, it is possible to obtain a conposition for
formng a resist underlayer film having better coating
property, dry etching resistance, and filling and
pl anari zing properties.

[ 0027]

In this event, the high-boiling-point solvent (D)

is preferably one or nore kinds of organic solvent

11



having a boiling point of 180°C or higher.
[ 0028]

By inmparting thermal flowability to the conmpound
for formng a nmetal-containing film by adding a high-
boi | i ng- poi nt sol vent, the conposition for formng a
resi st underlayer filmis provided with both high
filling property and high planarizing property.

[ 0029]

In the present invention, the conposition for
formng a netal-containing filmcan further conprise (G
met al oxi de nanoparticles having an average primry
particle size of 100 nm or | ess.

[ 0030]

In this event, the netal oxide nanoparticles (Q
are preferably selected fromthe group consisting of
zi rconi um oxi de nanoparticl es, hafni um oxide
nanoparticles, titanium oxide nanoparticles, tin oxide
nanoparticles, and tungsten oxi de nanoparticles.

[ 0031]

When such netal oxide nanoparticles are contained,
the netal content in the conposition can be increased
easily, and the dry etching resistance of the
conposition for formng a resist underlayer filmcan be
i mproved further.

[ 0032]

The present invention also provides a patterning
process for formng a pattern in a substrate to be
processed, conprising the steps of:

(1-1) applying the above-descri bed conposition for
formng a netal-containing filmonto a substrate to be
processed, followed by heating to forma netal -
containing film

(1-2) formng a resist upper layer filmon the

12



metal -containing filmby using a photoresist materi al;

(1-3) 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

(1-4) transferring the pattern to the netal -
containing filmby dry etching while using the resist
upper layer filmhaving the formed pattern as a nmask
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.

[ 0033]

The patterning process by way of the two-I|ayer
resi st process nmakes it possible to formfine patterns
on the body to be processed (substrate to be processed).
[ 0034]

The present invention also provides a patterning
process for formng a pattern in a substrate to be
processed, conprising the steps of:

(1'1-1) applying the above-described conposition
for formng a netal-containing filmonto 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 film by using a photoresi st
mat eri al ;

(I'l-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'l-5) transferring the pattern to the resist

13



m ddl e | ayer filmby dry etching while using the resist
upper layer filmhaving the formed pattern as a mask

(I'1-6) transferring the pattern to the netal -
containing filmby dry etching while using the resist
m ddl e | ayer film having the transferred pattern as a
mask; and

(1'1-7) 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.

[ 0035]

The patterning process by way of the three-|ayer
resi st process makes it possible to formfine patterns
on the body to be processed with a high degree of
accuracy.

[ 0036]

The present invention also provides a patterning
process for formng a pattern in a substrate to be
processed, conprising the steps of:

(1'11-1) applying the above-descri bed conposition
for formng a netal-containing filmonto a substrate to
be processed, followed by heating to forma netal -
containing film

(1'11-2) formng an inorganic hard mask 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

(1'11-4) formng a resist upper layer filmon the
organic thin film by using a photoresist material;

(I'l'1-5) subjecting the resist upper layer filmto

pattern exposure and then devel opment with a devel oper

14



to forma pattern in the resist upper |ayer film

(1'1'1-6) 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 ddle |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.

[ 0037]

The patterning process by way of the four-Iayer
resi st process nmakes it possible to formfine patterns
on the body to be processed with a high degree of
accuracy.

[ 0038]

In this event, the inorganic hard mask m ddl e
| ayer filmis preferably forned by a CVD nmet hod or an
ALD net hod.

[ 0039]

When the inorganic hard mask m ddl e layer filmis
formed by a CVD nethod or an ALD nethod, a fine pattern
can be fornmed on a body to be processed w th higher
accuracy.

[ 0040]

The present invention also provides 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;

15



(1'V-2) applying the above-described conposition
for formng a netal-containing filmonto the resi st
underl ayer 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 layer filmhaving the formed pattern as a nmask

(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.

[ 0041]

The patterning process by way of the nmultilayer
resi st process nmakes it possible to formfine patterns
on the body to be processed with a high degree of
accuracy.

[ 0042]

The present invention also provides 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
substrate to be processed;

(V-2) formng a resist mddle |layer filmor a

conmbi nati on of an inorganic hard mask m ddl e [ayer film

16



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 opment with a devel oper
to forma pattern in the resist upper |ayer film

(V-5) transferring the pattern to the resist
m ddl e layer 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 above-described conposition for
formng a netal-containing filmonto the resist
underl ayer film having the formed pattern, foll owed by
heating to cover the resist underlayer filmwth a
metal -containing film thereby filling a space between
the resist underlayer filmpatterns with the netal -
containing film

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

(V-9) renoving the resist mddle layer filmor the

i norgani ¢ hard mask m ddle layer filmremining on the

17



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 film 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
the substrate to be processed.

[ 0043]

The patterning process by way of the reverse
process makes it possible to formfine patterns on the
body to be processed with a higher degree of accuracy.

[ 0044]

The present invention also provides a patterning
process conprising the steps of:

appl yi ng the above-described conposition for
formng a netal-containing filmonto a substrate,
foll owed 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.

[ 0045]

According to the inventive patterning processes
using the inventive conpound for formng a netal -
containing filmas a sem conductor photoresist materi al,
it is possible to forma pattern having small edge
roughness and little residue in a dissolved portion of
the resist.

[ 0046]
In this event, an organic solvent is preferably

18



used as the devel oper.
[ 0047]

Furthermore, the devel oper is preferably one or
nore organic solvents selected from 2-octanone, 2-
nonanone, 2-heptanone, 3-heptanone, 4-heptanone, 2-
hexanone, 3-hexanone, diisobutyl ketone,
met hyl cycl ohexanone, acetophenone, nethyl acet ophenone,
propyl acetate, butyl acetate, isobutyl acetate, pentyl
acetate, butenyl acetate, isopentyl acetate, propyl
formate, butyl formate, isobutyl formate, pentyl fornate,
I sopentyl formate, nethyl valerate, nethyl pentenoate,
met hyl crotonate, ethyl crotonate, nmethyl |actate, ethyl
| actate, propyl lactate, butyl |actate, isobutyl |actate,
pentyl |actate, isopentyl |actate, nethyl 2-
hydr oxyi sobutyrate, ethyl 2-hydroxyisobutyrate, nmethyl
benzoate, ethyl benzoate, phenyl acetate, benzyl acetate,
met hyl phenyl acet ate, benzyl formate, phenyl et hyl
format e, nethyl 3-phenyl propionate, benzyl propionate,
et hyl phenyl acetate, and 2-phenyl ethyl acetate.

[ 0048]

In the present invention, such a devel oper can be
used suitably.
[ 0049]

Furthernmore, an extrene ultraviolet ray having a
wavel ength of 3 to 15 nmor an el ectron beam having an
acceleration voltage of 1 to 250 kV is preferably used
as the high-energy beam
[ 0050]

The exposure is preferably carried out under such
conditions from vi ewpoi nts of sensitivity and resol ution.
[ 0051]

The present invention also provides a

sem conduct or photoresist material, wherein the
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sem conduct or photoresist material is the above-
descri bed conposition for form ng a netal -contai ning
filmfurther conprising (H) a photo-acid generator.
[ 0052]

Such a resist material is a netal-containing
resist material that has high sensitivity and high
resolution particularly in EUV and el ectron beam

i t hography.

ADVANTAGEOUS EFFECTS OF | NVENTI ON
[ 0053]

As descri bed above, the inventive conmpound for
formng a netal-containing filmhas at |east two organic
groups represented by the general formula (1), and
t herefore, the compound for form ng a netal -containing
filmhas excellent solvent solubility and excell ent
thermal flowability. 1In addition, since the conpound
has a hydroxy group or a crosslinking group having a
structure represented by one of the general fornulae (a-
1) to (a-3) at the end, the conpound is also excell ent
in thernosetting property. Therefore, when the conpound
is used for a conposition for form ng a resi st
underlayer film it is possible to provide a resist
underl ayer filmmaterial whose vol ume shrinkage at the
time of baking is small, the material having excellent
filmformability and excellent planarizing and filling
properties even after baking at a high tenperature.

[ 0054]

In particular, in a fine patterning process using
a multilayer resist nethod in a sem conductor device
manuf acturing process, filling is possible wthout
causi ng defects such as voids and peeling even on a

substrate to be processed having a portion that is
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difficult to fill and planarize, such as a dense portion
of a fine pattern structure having a high aspect ratio
exenplified by increasingly mniaturized DRAM In

addi tion, the inventive conpound has better dry etching
resi stance than conventi onal coating-type organic resist
underl ayer filmmaterials, and therefore, a fine pattern
can be fornmed on a body to be processed with even higher
preci sion conpared with an organic resist underl ayer
film

[ 0055]

A conposition for formng a netal-containing film
contai ning the inventive conmpound for formng a netal -
containing filmcontains tin atonms, which have high
| i ght absorbance, and therefore, has a sensitizing
ef fect caused by secondary el ectrons generated fromthe
tin atonms during exposure. Furthernore, tin atons have
a great atom c weight, and therefore, have a high effect
of suppressing the diffusion of acid from an upper | ayer
resist to a resist underlayer film and have a
characteristic that higher sensitivity can be achi eved
whil e sustaining the LWR perfornmance that the resist
upper layer filmoriginally has.

[ 0056]

Mor eover, the inventive conpound for formng a
metal -containing filmcontains tin atons, which have
hi gh absorbance of |ight, and therefore, can also be
used for a sem conductor photoresist material. As
expl ai ned above, the inventive conpound for formng a
metal -containing filmhas excellent curability, so that
it is possible to provide a netal -containing resist
mat eri al having high sensitivity and high resolution in

EUV and el ectron beam |ithography.
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BRI EF DESCRI PTI ON OF DRAW NGS
[ 0057]

FIG 1 is an explanatory view of an exanple
(three-layer resist process) of the patterning process
of the present invention.

FIG 2 is an explanatory view of an exanple
(form ng reverse SOC pattern of a three-|ayer resist
process) of the tone-reversal patterning process of the
present invention.

FIG 3 is an explanatory view of a nmethod for
evaluating the filling property.

FIG 4 is an explanatory view of a method for
eval uating the planarizing property.

FIG 5 is a graph show ng the eval uati on of

el ectron beam exposure.

DESCRI PTI ON OF EMBODI MENTS
[ 0058]

As stated above, there have been demands for the
devel opnent of: a conposition for formng a netal -
containing film excellent in filling property and
pl anari zation property, used for formng a resist
underl ayer filmthat makes it possible to transfer a
resist pattern to a substrate to be processed with
hi gher precision in a fine patterning process according
to a nultilayer resist nmethod; and a conpound for
formng a netal-containing filmuseful for the
conposi tion.

[ 0059]

The present inventors have focused on organotin
conpounds, which are expected to play an active role in
t he EUV- exposure generation, and studi ed earnestly. As
stated above, tin atonms, which greatly absorb |ight,
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have a sensitizing effect due to secondary el ectrons
generated fromthe atonms during exposure, and have a
characteristic that higher sensitivity can be achi eved
whil e mai ntaining the LWR perfornmance that a resi st
upper |layer filmoriginally has. On the other hand,
organoti n conpounds, which are consi dered as resi st
upper layer films, have poor heat resistance, and
undergo rapid volune shrinkage during baking. Therefore,
it is difficult to fill and planarize the steps of a
substrate to be processed after high-tenperature baking.
The present inventors have consi dered that when an
organi c group excellent in heat resistance is contained,
rapid volume shrinkage at the time of baking can be
reduced and thermal flowability can be inproved, so that
steps of a substrate to be processed can be filled

wi t hout voi ds being generated even after baking at a
hi gh tenperature. The present inventors have al so
assunmed that a conpound for form ng a netal-containing
filmhaving a structure that contains a crosslinking
group at a termnal has excellent thernosetting property
duri ng baking, and therefore, has better heat resistance.
[ 0060]

The present inventors have studi ed earnestly
further, and found out that a conpound for formng a
metal -containing filmcontaining at |east two organic
groups represented by the general formula (1) gives a
conposition for formng a nmetal -containing filmthat can
reduce sudden vol unme shrinkage during baking since the
conposition has excellent thernosetting property, can
realize high filling and planarizing properties since
t he conposition also has favorable thermal flowability,
can contribute to the inprovenent of sensitivity while

mai ntai ning the LWR of an upper |ayer resist since the
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conposition contains tin atonms, and has excellent dry
et ching resistance since alkyl ligand is dissociated
after high-tenperature baking and forms SnQG: by
crosslinking with adjacent chains through an oxo bond.
The present inventors have also found out that when the
conpound, which has excellent curability, is used in a
resist material, it is possible to provide a netal -
containing resist material having high sensitivity and
hi gh resolution in EUV and el ectron beam |ithography.
Thus, the present invention has been conpl et ed.

[ 0061]

That is, the present invention is a conpound for
formng a netal-containing filmto be contained in a
conposition for formng a netal-containing filmused in
manuf acturing a sem conductor, wherein the conpound for
formng a netal-containing filmis represented by the

foll ow ng general fornmula (M1) or (M2),

Ts T5
T1_S|n_T3 T1_Sln_Q
Q Q

(M-1) (M-2)

wherein Ti, T2, and T3 represent the foll owi ng general
formula (1) and are identical to or different fromone
anot her; and Q represents a substituted or unsubstituted
al kyl group having 1 to 20 carbon atons, a substituted
or unsubstituted cycl oal kyl group having 3 to 20 carbon
atonms, 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
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carbon atons, a substituted or unsubstituted aryl al kyl
group having 7 to 31 carbon atons, or a conbination of

t hese groups,

0 (j
*—o)J\x wy D

wherein X represents a saturated dival ent organic group
having 1 to 20 carbon atons, an unsaturated dival ent
organic group having 2 to 20 carbon atonms, 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_QRA)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 heteroatonm 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 attachnment

poi nt,
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O . *\6
O
*)J\% tO/Z\K g %
R1

R
R, !

(a-1) (a-2) (@-3)

wherein Ry represents a hydrogen atom or a nonoval ent
organi c group having 1 to 10 carbon atonms; “qQ”

represents 0 or 1; and “*” represents an attachnent

point to Y.
[ 0062]

Herei nafter, the present invention will be
described in detail, but the present invention is not

limted thereto.
[ 0063]
<Compound for Form ng Metal -Containing Fil np

The inventive compound for form ng a netal -
containing filmis represented by the foll owi ng general
formula (M1) or (M2).

Ts Ta
.T1__{?n'_:r3 'T1——{§n'-CQ
Q Q

(M-1) (M-2)

In the general forrmulae (M1) and (M2), Ti, To,
and T3 represent the follow ng general forrmula (1) and
are identical to or different fromone another; and Q
represents a substituted or unsubstituted al kyl group
having 1 to 20 carbon atoms, a substituted or
unsubstituted cycl oal kyl group having 3 to 20 carbon

atonms, a substituted or unsubstituted aliphatic
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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 atons, a substituted or unsubstituted aryl al kyl
group having 7 to 31 carbon atonms, or a conbi nation of
t hese groups.

0 L?L
*—OJ\X wy D

In the general forrmula (1), X represents a
saturated dival ent 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 atonms, or an unsaturated trival ent
organi c group having 2 to 20 carbon atons; Wrepresents

the follow ng general formula (1A); “p” represents 1 or

2; and “*” represents an attachnent point to an Sn atom
W= *—Y—QRA)h (1A)

In the general formula (1A), 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 organic group having 2 to 20
carbon atons and optionally being substituted with a
het eroatom RA represents a hydroxy group or a structure
represented by one of the follow ng general fornulae (a-
1) to (a-3); “h” represents 1 to 6; and “*” represents

an attachment point.
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O
*)J\% tO/Z\K g %
R1

R
R, !

(a-1) (a-2) (@-3)

In the general fornulae (a-1) to (a-3), Ru
represents a hydrogen atom or a nonoval ent organi c group
having 1 to 10 carbon atons; “q” represents 0 or 1; and
“*” represents an attachment point to Y.

[ 0064]

In the general forrmulae (M1) and (M2), Ti, To,
and Ts represent the general formula (1) and are
identical to or different fromone another. Q
represents a substituted or unsubstituted al kyl group
having 1 to 20 carbon atonms, a substituted or
unsubstituted cycl oal 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 atons, a substituted or unsubstituted aryl al kyl
group having 7 to 31 carbon atons, or a conbination of
t hese groups. An unsubstituted al kyl group having 1 to
20 carbon atoms is preferable, and an n-butyl group is
nore preferable.

[ 0065]

In the general formula (1), X represents a
saturated dival ent organic group having 1 to 20 carbon
atoms, an unsaturated divalent organic group having 2 to
20 carbon atons, a saturated trivalent organic group
having 1 to 20 carbon atonms, or an unsaturated trival ent

organi c group having 2 to 20 carbon atoms. Wrepresents
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t he general fornmula (1A). “p” represents 1 or 2, and
fromthe viewpoint of solvent solubility, preferably 1.
[ 0066]

In the general fornmulae (M1) and (M2), Ti, To,
and Tz represent the general fornmula (1), and are
identical to or different fromone another. Ti, T2, and
Tz may be a conpound having a different crosslinking
group (a hydroxy group or a structure represented by one
of the general fornulae (a-1) to (a-3)) in the nolecule.
When a different crosslinking group is present in the
nol ecul e, structures having both a hydroxy group and one
of the structures represented by the general fornmulae
(a-1) to (a-3) are preferable. Such structures make it
possi ble to provide a conpound for formng a netal -
containing filmhaving high Ievels of both adhesiveness
to a substrate and thermal flowability.

[ 0067]
Exanpl es of preferable structures of the X in the

general formula (1) include the follow ng structures.
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“*” represents an attachnment point to the carbon
atom of a carbonyl group.
[ 0068]

In the general fornmula (1A), 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 organic group having 2 to 20

carbon atons and optionally being substituted with a
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heteroatom RA represents a hydroxy group or a
structure represented by one of the general fornulae (a-
1) to (a-3). “h” represents 1 to 6, preferably 1 to 2.
Furt hernmore, a carbon atom of the organic groups may be
substituted with a heteroatom such as an oxygen atom or
a nitrogen atom

[ 0069]

In the general fornmulae (a-1) to (a-3), Ru
represents a hydrogen atom or a nonoval ent organic group
having 1 to 10 carbon atons and “q” represents 0 or 1.
As further preferable structures, Ry may represent a
hydrogen atom a nethyl group, or a phenyl group
optionally having a substituent, and fromthe viewpoints
of thermal flowability and thernosetting property, a
hydrogen atomis particularly preferable.

[ 0070]

A conmpound for formng a nmetal -containing film
havi ng such a structure has at |east two organic groups
represented by the general forrmula (1), so that the
conmpound for formng a netal -containing film has
excel l ent solvent solubility and excellent heat
resi stance. Furthernore, the compound has a hydroxy
group or a crosslinking group having a structure
represented by one of the general fornulae (a-1) to (a-
3) at the end, so that rapid volunme shrinkage during
baki ng can be reduced, and since thermal flowability is
al so excellent, a resist underlayer filmmaterial having
excellent filling and planarizing properties can be
provi ded.

[ 0071]

A nmetal -containing filmfornmed by using an
organoti n conpound generates radicals, while organic
groups bonded to Sn atonms via C atons are di ssoci ated
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during baking. Radicals generated in this manner form -
Sn-O- Sn- bonds and initiate a condensation
pol ymeri zati on reaction. Thus, curing of a netal-
containing filmprogresses. Meanwhile, since organic
groups are renoved at the tine of the reaction, great
filmshrinkage occurs during baking. However, since the
above-descri bed conpound has at | east 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 fornulae (a-1) to (a-
3) at the conmpound term nal, so that pyrolysis can be
al l eviated, and since thermal flowability is excellent,
a resist underlayer filmmaterial excellent in filling
property can be provided.
[0072]

In the general forrmula (1), the Wpreferably has a
structure represented by the followi ng general fornula
(1B).

R2),

*/fo\/TO'Rm x—z—fL | J (1B)

u RA2)
t
In the general fornmula (1B), RAl represents a
structure represented by the general fornmula (a-1); RA
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 amne; L
represents a dival ent hydrocarbon group having 1 to 10
carbon atonms; R> represents a saturated dival ent organic
group having 1 to 20 carbon atons or an unsaturated
di val ent organic group having 2 to 20 carbon atons; “t”

represents 1 to 6; “s” represents 0 to 5; t+s is 1 or
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nore and 6 or less; “r” represents 1 to 10; “u
represents 0 or 1; “ni represents 0 or 1; and “*”
represents an attachnment point.

[ 0073]

In the general fornmula (1B), RAl represents a
structure represented by the general fornula (a-1); RA
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 amne; L
represents a dival ent hydrocarbon group having 1 to 10
carbon atonms; R> represents a saturated dival ent organic

group having 1 to 20 carbon atons or an unsaturated

di val ent organic group having 2 to 20 carbon atoms; “r

represents 1 to 10; “t” represents 1 to 6; “s”

represents 0 to 5; t+s is 1 or nore and 6 or less; “u
represents 0 or 1; and “ni represents 0 or 1. Wen “ni

is 1, L is preferably nethylene. As nore preferable

structures, r” can be 1 to 4, “t” can be 1 to 2, “s

can be 0 to 1, and “nf can be 0. Fromthe viewpoint of
solvent solubility, *
[ 0074]

When W has the structure represented by the

u” is preferably 1.

general formula (1B), the thermal flowability of the
conmpound for formng a netal-containing film can be
i mproved further.

[ 0075]

In the general forrmula (1), X preferably
represents an unsaturated hydrocarbon having 2 to 20
carbon atons.

[ 0076]

When t he conpound for form ng a netal -containing

filmhas such a structure, thernpbsetting property can be

i mproved further.
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[0077]
The inventive compound for form ng a netal -
containing filmpreferably has a structure represented

by the follow ng general formula (2).

W_ 0O O W
O O
R Y0 07O R )
Rb Sn Rb
7N
Q Q

In the general formula (2), R and R° represent a
hydrogen atom or a nonoval ent organic group having 1 to
20 carbon atons, Rt and R° optionally being bonded to
each other to forma cyclic substituent together with
carbon atons bonded thereto. Q and Ware as defined
above.

[ 0078]

In the general forrmula (2), R2 and Rb represent a
hydrogen atom or a nonoval ent organic group having 1 to
20 carbon atons, Rt and R°¢ optionally being bonded to
each other to forma cyclic substituent together with
carbon atons bonded thereto. Q and Ware as descri bed
in the general fornula (1). In view of the availability
of raw materials, R2 and Rt represent a hydrogen atomin
nore preferable structures.

[ 0079]

Dependi ng on the structure represented by the
general formula (2), geonetrical isonmers (cis isonmer and
trans isoner) regarding a double bond may exist in sone
cases, and in such a case, the isoners wll be
represented by a single fornmula. No inconvenience
arises regarding the thermal flowability and

t hernosetting property of the inventive conpound for
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formng a netal-containing film either when one of the
i somers is used or when the isoners are used in
conbi nati on.
[ 0080]

Speci fic exanples of the organic groups bonded to
the Sn of the conpound represented by the genera
formula (2) include the followi ng structures, but are

not limted thereto.

H ENY
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“*” represents an attachnent point to the Sn.
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[ 0081]
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“*” represents an attachnent point to the Sn.
[ 0082]

The MV Mh (that is, the dispersity) of the
conpound for formng a netal-containing filmis
preferably within the range of 1.00 £ Mw/Mn < 1.30,
further preferably 1.00 < Mw/Mn < 1.10, where Mw 1is a
wei ght - aver age nol ecul ar wei ght and Mh i s a nunber-
aver age nol ecul ar wei ght neasured by gel perneation
chromat ography in ternms of polystyrene. Fromthe
definition, MMM is 1.00 in the case of a nononol ecul ar
conmpound, but because of separation in GPC, the neasured
val ue exceeds 1.00 in sonme cases. GCenerally, it is
extremely difficult to bring the MV WMn of a pol yner
having a repeating unit close to 1.00 unless a speci al
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pol ymeri zati on method is used. Such a polynmer has a

di stribution of My, and MvW Mh exceeds 1. In the present
invention, the range 1.00 £ Mw/Mn £ 1.30 is defined as
an index to indicate nmononerismin order to distinguish
bet ween nmononol ecul ar conpounds and pol yners.

[ 0083]

A conpound for formng a nmetal -containing film
havi ng dispersity within such a range has even better
thermal flowability, so that when the conpound is
contained in a conposition for form ng a netal -
containing film not only is it possible to fil
favorably fine structures formed on a substrate, it is
al so possible to forma resist underlayer filmto
pl anarize the entire substrate.

[ 0084]
<Conposition for Form ng Metal-Containing Filnp

The present invention also provides a conposition
for formng a nmetal-containing film the conposition
functioning as a resist underlayer filmmaterial and/or
a resist material used in manufacturing a sem conductor,
t he conposition containing: (A the above-described
conpound for formng a netal-containing film and (B) an
or gani ¢ sol vent.

[ 0085]

Such a conposition for form ng a netal -containing
film contains an organotin conmpound having high | evels
of both thermal flowability and thernosetting property,
and therefore, can provide a resist underlayer film
mat eri al having better dry etching resistance than
conventional resist underlayer filmmterials and al so
having high filling and pl anarizing properties.

Mor eover, the conposition is excellent in

curability, so that when the conposition is contained in
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a resist material, it is possible to provide a netal -
containing resist material having high sensitivity and
hi gh resolution in EUV and el ectron beam |ithography.
[ 0086]

In the follow ng, the conponents contained in the
I nventive conposition for formng a netal -cont ai ni ng
filmother than the conpound (A) for formng a netal -
containing filmw Il be described.
[ 0087]
<(B) Organic Sol vent>

The organic solvent (B) usable in the inventive
conposition for formng a netal-containing filmis not
particularly limted as long as the solvent can dissolve
or disperse the conmpound (A) for formng a netal-
containing filmand, when contained, (C) a crosslinking
agent, (D) a high-boiling-point solvent, (E) a
surfactant, (F) a flowability accelerator, (G neta
oxi de nanoparticles having an average primary particle
size of 100 nmor less, (H) a photo-acid generator,
ot her additives, etc. described bel ow.
[ 0088]

Specifically, an organic solvent disclosed in
par agraphs [0091] and [0092] in JP2007-199653A may be
contained. Furthernore, it is preferable to use
propyl ene gl ycol nonomethyl ether acetate, propylene
gl ycol nonomet hyl ether, propylene glycol nonoethyl
et her, propylene glycol nonopropyl ether, 2-heptanone,
cyclopentanone, cyclohexanone, y-butyrolactone, or a
m xture containing one or nore of these solvents.
[ 0089]

The organic solvent is preferably contained in an
ampunt of 200 to 10,000 parts by mass, nore preferably
250 to 5,000 parts by nmass relative to 100 parts by nmass
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of the conpound (A) for formng a netal-containing film
[ 0090]
<Conposition for Form ng Resist Underlayer Filnp

When the conposition for formng a netal -
containing filmis usable as a resist underlayer film
used in a nultilayer resist method, at | east one kind of
t he compound (A) for formng a netal-containing film and
t he organic solvent (B) is contained, and as necessary,
t he conposition my contain additives such as a
crosslinking agent (C), a high-boiling-point solvent (D)
a surfactant (E), a flowability accelerator (F), and
nmet al oxi de nanoparticles (G having an average primary
particle size of 100 nmor less. 1In the present
description, a conposition for formng a netal -
containing fil musable as a resist underlayer film used
in a nmultilayer resist nethod is also referred to as a
conposition for formng a resist underlayer film

In the followi ng, the conponents contained in the
conposition of the present invention for formng a
resi st underlayer film other than the conpound (A) for
form ng a netal-containing filmand the organic sol vent
(B) will be described.
[ 0091]
<(D) Hi gh-Boiling-Point Solvent>

I n the conposition of the present invention for
form ng a resist underlayer film the organic sol vent
(B) may be a m xture of one or nore kinds of organic
sol vent having a boiling point of |ower than 180°C and
one or nore kinds of organic solvent having a boiling
poi nt of 180°C or higher ((D) a high-boiling-point
sol vent).
[ 0092]

The hi gh-boiling-point solvent (D) is not
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particularly limted to hydrocarbons, al cohols, ketones,
esters, ethers, or chlorine-based solvents as |ong as

t he solvent is capable of dissolving or dispersing the
conponents of the inventive conposition for formng a
metal -containing film Specific exanples include 1-
octanol, 2-ethyl hexanol, 1-nonanol, 1-decanol, 1-
undecanol, ethylene glycol, 1,2-propylene glycol, 1, 3-
butyl ene gl ycol, 2,4-pentanediol, 2-nmethyl-2,4-

pent anedi ol , 2, 5-hexanedi ol, 2, 4-heptanediol, 2-ethyl-
1, 3- hexanedi ol , diethylene glycol, dipropylene glycol,
triethylene glycol, tripropylene glycol, glycerin, n-
nonyl acetate, nonohexyl ether, ethylene glycol nono-2-
et hyl hexyl ether, ethylene glycol nonophenyl ether,

et hyl ene gl ycol nonobenzyl ether, diethylene glycol
nonoet hyl et her, diethyl ene glycol nonoi sopropyl ether,
di et hyl ene glycol nono-n-butyl ether, diethylene glycol
nonoi sobutyl ether, diethylene glycol nonohexyl ether,
di et hyl ene gl ycol nonophenyl ether, diethylene glycol
nonobenzyl ether, diethylene glycol diethyl ether,

di et hyl ene glycol dibutyl ether, diethylene glycol butyl
met hyl ether, triethylene glycol dinethyl ether,
triethylene glycol nmononmethyl ether, triethylene glycol-
n-butyl ether, triethylene glycol butyl nethyl ether,
tetraethyl ene glycol dinmethyl ether, dipropylene glycol
nmononet hyl et her, dipropylene glycol nono-n-propyl ether,
di propyl ene gl ycol nono-n-butyl ether, tripropylene

gl ycol dimethyl ether, tripropylene glycol nononethyl
ether, tripropylene glycol nono-n-propyl ether,
tripropyl ene glycol nmono-n-butyl ether, ethylene glycol
nonoet hyl ether acetate, ethylene glycol nonobutyl ether
acetate, diethylene glycol nononethyl ether acetate,

di et hyl ene gl ycol nonoet hyl ether acetate, diethylene

gl ycol nonobutyl ether acetate, triacetin, propylene
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gl ycol diacetate, dipropylene glycol nmethyl-n-propyl

et her, dipropyl ene glycol nethyl ether acetate, 1, 4-
but anedi ol di acetate, 1, 3-butylene glycol diacetate,

1, 6- hexanedi ol diacetate, triethylene glycol diacetate,
y-butyrolactone, methyl benzoate, ethyl benzoate, propyl
benzoate, butyl benzoate, dihexyl nmalonate, diethyl
succi nate, dipropyl succinate, dibutyl succinate,

di hexyl succinate, dinmethyl adipate, diethyl adipate,

di butyl adipate, and the like. One of the solvents may
be used or a mxture of two or nore kinds may be used.
[ 0093]

The hi gh-boiling-point solvent (D) may be sel ected
suitably fromthe solvents above, for exanple, depending
on the tenperature at which the conposition of the
present invention for formng a resist underlayer film
is heat-treated, etc. The boiling point of the high-
boi | i ng- poi nt solvent is preferably 180°C to 300°C,
further preferably 200°C to 300°C. It is considered
t hat 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 forma resist underlayer filmexcellent in
filling and planarizing properties. Moreover, a solvent
havi ng such a boiling point does not remain in the film
wi t hout evaporating even after the baking. Therefore,
there is no risk of the solvent adversely affecting the
physi cal properties, such as etching resistance, of the
film
[ 0094]

Furt hernmore, when the high-boiling-point solvent
(D) is used, the contained anmount is preferably 1 to 30

parts by mass per 100 parts by mass of the organic
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solvent (B), having a boiling point |ower than 180°C.
VWhen the contained ambunt is as described, sufficient
thermal flowability can be inparted at the time of

baki ng, 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
anmount is preferable.

[ 0095]

[(C) Crosslinking Agent]

To increase the curability of the conpound for
formng a netal-containing filmand further inhibit
interm xing with the resist upper layer film the
conposition of the present invention for formng a
resi st underlayer filmmay also contain a crosslinking
agent (C). The crosslinking agent (C) is not
particularly limted, and various known crosslinking
agents can be widely used. Exanples include nmelam ne-
based crosslinking agents, acryl ate-based crosslinking
agents, glycoluril-based crosslinking agents
benzoguanam ne- based crosslinking agents, urea-based
crosslinking agents, PR-hydroxyalkylamide-based
crosslinking agents, isocyanurate-based crosslinking
agents, aziridine-based crosslinking agents, oxazoli ne-
based crosslinking agents, epoxy-based crosslinking
agents, and phenol -based crosslinking agents (e.g.
pol ynucl ear phenol - based, such as nethyl ol or
al koxymet hyl - based crosslinking agents). The
crosslinking agent (C) is preferably contained in an
ampunt of 5 to 50 parts by mass, nore preferably 10 to
40 parts by nass relative to 100 parts by mass of the
conpound for formng a netal-containing film (A)

[ 0096]
Speci fic exanpl es of the nel am ne-based
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crosslinking agents include hexamet hoxynet hyl at ed
mel am ne, hexabut oxynet hyl at ed nel am ne, al koxy- and/ or
hydr oxy- substituted derivatives thereof, and parti al

sel f-condensat es thereof.

Speci fic exanples of the acryl ate-based
crosslinking agents include dipentaerythritol
hexaacryl at e.

Specific exanples of the glycoluril-based
crosslinking agents include tetramethoxynethyl ated
gl ycoluril, tetrabutoxymethylated glycoluril, alkoxy-
and/ or hydroxy-substituted derivatives thereof, and
partial self-condensates thereof.

Speci fic exanpl es of the benzoguanam ne- based
crosslinking agents include tetramethoxynethyl ated
benzoguanam ne, tetrabutoxymethyl ated benzoguanam ne,
al koxy- and/or hydroxy-substituted derivatives thereof,
and partial self-condensates thereof.

Specific exanpl es of the urea-based crosslinking
agents include dinethoxynmethyl ated di net hoxyet hyl eneur ea,
al koxy- and/ or hydroxy-substituted derivatives thereof,
and partial self-condensates thereof.

Specific examples of the pP-hydroxyalkylamide-based
crosslinking agent include NN, N ,6 N -tetra(2-
hydr oxyet hyl ) adi pi c acid am de.

Speci fic exanples of the isocyanurate-based
crosslinking agents include triglycidyl isocyanurate and
triallyl isocyanurate.

Specific exanples of the aziridine-based
crosslinking agents include 4,4 -
bi s(et hyl enei m nocar bonyl am no) di phenyl net hane and 2, 2-
bi shydr oxymet hyl but anol -tri s[3-(1-aziridinyl)propionate].

Specific exanpl es of the oxazoline-based

crosslinking agents include 2,2 -isopropylidene bis(4-
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benzyl - 2- oxazoline), 2,2 -isopropylidene bis(4-phenyl-2-
oxazoline), 2,2 -methylene bis-4,5-di phenyl -2-oxazol i ne,
2,2 -met hyl ene bi s-4-phenyl - 2-oxazol i ne, 2,2 -nethyl ene
bi s-4-tert-butyl-2-oxazoline, 2,2 -bis(2-oxazoline),
1, 3- phenyl ene bi s(2-oxazoline), 1,4-phenylene bis(2-
oxazoline), and a 2-isopropenyl oxazol i ne copol yner.
Speci fic exanpl es of the epoxy-based crosslinking
agents include diglycidyl ether, ethylene glycol
di gl yci dyl ether, 1,4-butanediol diglycidyl ether, 1,4-
cycl ohexane di net hanol diglycidyl ether, poly(glycidyl
met hacryl ate), trinethyl ol ethane triglycidyl ether,
trimethyl ol propane triglycidyl ether, and
pentaerythritol tetraglycidyl ether.
[ 0097]
Speci fic exanples of the pol ynucl ear phenol - based
crosslinking agents include conpounds represented by the

foll ow ng general fornmula (XL-1).

ORs

Q OH XL-1)

OR;

In the fornmula, Q represents a single bond or g-
val ent hydrocarbon group having 1 to 20 carbon atons.
Rs represents a hydrogen atom or an al kyl group having 1
to 20 carbon atons. “qQ” represents an integer of 1 to 5.
The synbols are applied only to this fornula,.
[ 0098]

Q represents a single bond or a hydrocarbon group

q
“q” represents an integer of 1 to 5, preferably 2 or 3.

havi ng a val ency of and having 1 to 20 carbon atons.
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Specific exanples of Q include groups obtained by

q
propane, butane, isobutane, pentane, cycl opentane,

renovi ng hydrogen atons from nmet hane, ethane,
hexane, cycl ohexane, nethyl pentane, nethyl cycl ohexane,
di met hyl cycl ohexane, trinethyl cycl ohexane, benzene,
t ol uene, xylene, ethyl benzene, ethylisopropyl benzene,
di i sopropyl benzene, nethyl napht hal ene, et hyl napht hal ene,
and ei cosane. Rs represents a hydrogen atom or an al kyl
group having 1 to 20 carbon atons. Specific exanples of
t he al kyl group having 1 to 20 carbon atonms include a
met hyl group, an ethyl group, a propyl group, an
i sopropyl group, a butyl group, an isobutyl group, a
pentyl group, an isopentyl group, a hexyl group, an
octyl group, an ethyl hexyl group, a decyl group, and an
ei cosanyl group. Anong these, a hydrogen atom or a
met hyl group is preferable.
[ 0099]

Specific exanples of the conpounds represented by
t he general fornula (XL-1) include the foll ow ng
conmpounds. Anong these, triphenol nethane,
tri phenol ethane, 1,1,1,-tris(4-hydroxyphenyl)ethane, and
a hexamet hoxynet hyl ated derivative of tris(4-
hydr oxyphenyl ) - 1-et hyl - 4-i sopropyl benzene are preferable
fromthe viewpoint of inmproving the curability and film
t hi ckness uniformty of the organic film R3 is as

defi ned above.
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[ 0100]

[0101]
<(E) Surfactant>

A surfactant (E) nmay be contained in the
conposition for formng a resist underlayer filmof the
present invention in order to inprove coating property
i n spin-coating. Exanples of the surfactant include
t hose di sclosed in paragraphs [0142] to [0147] of
JP2009- 269953A. When the surfactant is contained, the
contai ned amount is preferably 0.01 to 10 parts by nmss,
nore preferably 0.05 to 5 parts by mass per 100 parts by
mass of the conmpound (A) for formng a netal -containing
film
[0102]
<(F) Flowability Accel erator>

Anot her conpound or polynmer may be further bl ended

in the conposition for formng a resist underlayer film
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of the present invention. The flowability accel erator
(F) is mxed with the inventive conpound for form ng a
nmetal -containing filmand serves to inprove the film
formability by spin-coating and the filling property for
a stepped substrate. Furthernore, as the flowability
accelerator (F), a material having a high density of
carbon atonms and high etching resistance is preferable.
[0103]

Exanpl es of such a material include novol ak resins
of phenol, o-cresol, mcresol, p-cresol, 2,3-dinethyl
phenol, 2,5-di net hyl phenol, 3, 4-di nethyl phenol, 3, 5-

di net hyl phenol , 2, 4-di met hyl phenol, 2, 6-di net hyl phenol
2,3,5-trimethyl phenol, 3,4,5-trinmethyl phenol, 2-tert-
butyl phenol, 3-tert-butyl phenol, 4-tert-butyl phenol, 2-
phenyl phenol, 3-phenyl phenol, 4-phenyl phenol, 3, 5-

di phenyl phenol , 2-napht hyl phenol, 3-napht hyl phenol, 4-
napht hyl phenol, 4-trityl phenol, resorcinol, 2-

nmet hyl resorci nol, 4-nmethylresorcinol, 5-nethylresorcinol,
catechol, 4-tert-butylcatechol, 2-nmethoxyphenol, 3-

met hoxyphenol , 2-propyl phenol, 3-propyl phenol, 4-

propyl phenol, 2-isopropyl phenol, 3-isopropyl phenol, 4-

i sopropyl phenol, 2-nmethoxy-5-nethyl phenol, 2-tert-butyl-
5- net hyl phenol, pyrogallol, thynmol, isothynmol, 4,4 -(9H-
fl uorene-9-ylidene)bisphenol, 2,2 -dinethyl-4,4" -(9H
fluorene-9-ylidene)bisphenol, 2,2 -diallyl-4,4-(9H
fluorene-9-ylidene)bisphenol, 2,2 -difluoro-4,4 -(9H-
fluorene-9-ylidene)bi sphenol, 2,2 -diphenyl-4,4 -(9H-

fl uorene-9-ylidene)bi sphenol, 2,2’ -dinethoxy-4,4"-(9H
fluorene-9-ylidene)bisphenol, 2,3,2",3 -tetrahydro-

(1,1 )-spirobiindene-6,6"-diol, 3,3,3,3 -tetranethyl -
2,3,2,3 -tetrahydro-(1,1")-spirobiindene-6, 6 -di ol
3,3,3,3,4,4 -hexanethyl -2,3,2",3 -tetrahydro-(1,1")-
spirobiindene-6, 6 -diol, 2,3,2",3 -tetrahydro-(1,1")-
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spirobiindene-5,5 -diol, 5 5 -dinethyl-3,3,3,3" -
tetramethyl-2,3,2 ,3 -tetrahydro-(1,1")-spirobiindene-
6,6 -diol, 1-naphthol, 2-naphthol, 2-methyl-1-naphthol,
4- met hoxy- 1- napht hol , and 7-net hoxy-2- napht hol

di hydr oxynapht hal ene such as 1, 5-di hydr oxynapht hal ene,
1, 7- di hydr oxynapht hal ene, and 2, 6-di hydr oxynapht hal ene,
met hyl - 3- hydr oxynapht hal ene- 2- car boxyl ate, i ndene,
hydr oxyi ndene, benzofuran, hydroxyanthracene,
acenapht hyl ene, bi phenyl, bisphenol, trisphenol,

di cycl opent adi ene, tetrahydroi ndene, 4-vinylcyclohexene,
norbornadiene, 5-vinylnorborna-2-ene, o-pinene, [(-pinene,
or |inmonene; polyhydroxystyrene, polystyrene,

pol yvi nyl napht hal ene, pol yvi nyl ant hr acene,

pol yvi nyl car bazol e, pol yi ndene, pol yacenapht hyl ene,

pol ynor bor nene, pol ycycl odecene, polytetracycl ododecene,
pol ynortricycl ene, poly(neth)acrylate, and copol yners
thereof. In addition, the conposition nmay contain a
napht hol di cycl opent adi ene copol yner disclosed in
JP2004- 205685A, a fluorene bisphenol novol ak resin

di scl osed in JP2005-128509A, an acenapht hyl ene copol ymer
di scl osed in JP2005- 250434A, fullerene having a phenolic
group disclosed in JP2006-227391A, a bisphenol conpound
and a novol ak resin thereof disclosed in JP2006-293298A,
an adamant ane phenol conpound and a novol ak resin

t hereof disclosed in JP2006-285095A, a bi snapht hol
conpound and a novol ak resin thereof disclosed in
JP2010- 122656A, a fluorene conmpound disclosed in JP2017-
119671A, a fullerene resin compound disclosed in JP2008-
158002A, and the like. The flowability accelerator (F)
Is preferably contained in an amunt of 0.001 to 100
parts by mass, nore preferably 0.01 to 50 parts by mass
based on 100 parts by mass of the inventive conpound (A)

for formng a nmetal-containing film
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[ 0104]

In addition, in the conposition for formng a
resi st underlayer filmof the present invention, it is
preferable to use, as an additive for inparting filling
and planari zing properties, for exanple, a liquid
addi ti ve having a pol yet hyl ene glycol or polypropyl ene
gl ycol structure, or a therno-deconposabl e pol yner
havi ng a wei ght reduction rate of 40% by mass or nore at
30°C to 250°C and a wei ght-average nol ecul ar wei ght of
300 to 200, 000. This therno-deconposabl e pol yner
preferably contains a repeating unit having an acetal
structure represented by the followi ng general fornula
(DP1) or (DPla).

[ 0105]

Re

)\ A (DP1)

O O

In the fornmula, Rs represents a hydrogen atom or a
substituted or unsubstituted, saturated or unsaturated
nonoval ent organic group having 1 to 30 carbon atons.

Y represents a saturated or unsaturated dival ent
organi c group having 2 to 30 carbon atons.
[0106]

R6a
AR )\ YE
Ho”~ \<o o }OH (DP1a)

In the fornula, Rsa represents an al kyl group
having 1 to 4 carbon atons. Y2 represents a saturated

or unsaturated dival ent hydrocarbon group having 4 to 10
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carbon atons and optionally having an ether bond. “n”
represents an average repeating unit nunber of 3 to 500.
[0107]

<(G Metal Oxide Nanoparticl es>

The conposition for formng a resist underl ayer
filmof the present invention can also contain netal
oxi de nanoparticles (G in order to inmprove dry etching
resi stance further. Specifically, netal oxide
nanoparticles selected fromthe group consisting of
zi rconi um oxi de nanoparticl es, hafni um oxide
nanoparticles, titanium oxide nanoparticles, tin oxide
nanoparticles, and tungsten oxi de nanoparticles are
pr ef er abl e.

[0108]

By selecting such netal oxide nanoparticles, it is
possible to forma nmetal -containing film having better
dry etching resistance.

[0109]

The nmetal oxide nanoparticles (G preferably has
an average primary particle size of 100 nmor |ess, nore
preferably an average primary particle size of 50 nm or
| ess, further preferably an average primary particle
size of 30 nmor less, and particularly preferably 15 nm
or less. The average primary particle size of the netal
oxi de nanoparticles before being dispersed in an organic
solvent can be determ ned by a nethod of measuring the
size of primary particles directly froman el ectron
m croscope photograph. Specifically, the m nor axis
di ameter and the mpj or axis dianmeter of each primary
particle are nmeasured, and the average of the values is
defined as the particle size of the particle. Then, for
100 or nore particles, the volunme (mss) of each

particle is approximted to a cuboid of the determ ned

51



particle size, and this volume average particle size is
determ ned as the average particle size. |ldentica
results can be obtained when any of a transm ssion type
el ectron mcroscope (TEM, a scanning type electron

m croscope (SEM, and a scanning transm ssion type

el ectron m croscope (STEM are used.

[0110]

When the particle size is within such ranges, the
particles can exhibit excellent dispersity in a
conposition for formng a resist underlayer film and
can enhance the dry etching resistance of a netal -
containing filmw thout causing the degradation of
filling and planarizing properties in dense portions of
a fine pattern structure.

[0111]
<Aci d Cenerator >

An acid generator may be contained in the
conposition for formng a resist underlayer filmof the
present invention in order to promote the curing
reacti on of the conmpound (A) for formng a netal-
containing filmfurther. The acid generator can be
classified into those that generate an acid by thernal
deconposition and those that generate an acid by optica
i rradi ation; however, any acid generator can be added.
Specific exanples of the acid generator include, but are

not limted to, the materials disclosed in paragraphs
[0061] to [0085] of JP2007-199653A.
[0112]

One kind of the acid generator can be used, or two
or more kinds can be used in conbination. Wen an acid
generator is contained, the contained anobunt is
preferably 0.05 to 50 parts by mass, nore preferably 0.1
to 10 parts by mass relative to 100 parts by mass of the
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conmpound (A) for formng a netal-containing film
[0113]
<Sem conduct or Photoresist Material >

The present invention can al so provide a
sem conductor photoresist material containing a
conposition for formng a netal -containing film
contai ning the conmpound (A) for form ng a netal -
containing filmand an organic sol vent (B).

When the conposition is a conposition for formng
a netal-containing filmusable as a resist nmaterial, one
or nmore kinds of the conpound (A) for form ng a netal -
containing filmand an organic solvent (B) are contained,
and as necessary, the conposition can also contain an
additive, such as a photo-acid generator (H), a
surfactant, and a quencher.

In the followi ng, the conponents contained in the
i nventive sem conductor photoresist material other than
t he compound (A) for formng a netal-containing film and
the organic solvent (B) will be described.

[ 0114]

As the photo-acid generator (H), the material may
contain, for exanple, a conmpound (photo-acid generator)
t hat generates an acid in response to actinic light or
radi ati on. The photo-acid generator can be any conpound
as long as the conpound generates an acid upon
irradiation with a high-energy beam Suitable exanples
of the photo-acid generator include sulfoniumsalts,

i odoni um salts, sulfonyl di azonet hane, N-sul fonyl oxyi m de,
and oxi me-O sul fonate acid generators. Specific

exanpl es of acid generators include those disclosed in
paragraphs [0122] to [0142] of JP2008-111103A, JP2009-
080474A, JP2015-026064A, and paragraphs [0056] to [0068]
of JP2021-039171A. One of these acid generators nmay be
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used or two or nore thereof may be used in conbination.
When an acid generator is contained, the contained
amount is preferably 0.1 to 50 parts by nass relative to
100 parts by mass of the conmpound (A) for formng a
metal -containing film

[ 0115]

As the quencher, the material may contain, for
exanpl e, a conpound having a basicity for neutralizing
the acid generated fromthe photo-acid generator (H)
Cont ai ni ng a quencher makes it possible to adjust
sensitivity, and is also effective for preventing a
resist filmin unexposed regi ons and | ow exposure
regions from becom ng insoluble and for suppressing the
generation of residue. Exanples of suitable quenchers
i ncl ude nitrogen-containing conpounds such as prinmary,
secondary, and tertiary aliphatic am nes, m xed am nes,
aromati ¢ am nes, heterocyclic am nes, nitrogen-containing
compounds havi ng a carboxy group(s), nitrogen-containing
conmpounds havi ng a sul fonyl group(s), nitrogen-containing
conmpounds havi ng a hydroxy group(s), nitrogen-containing
compounds havi ng a hydroxyphenyl group(s), alcoholic
ni t rogen-cont ai ni ng conpounds, am des, i m des, and
carbamates. Specific exanples of the quenchers include
t hose di sclosed in paragraphs [0072] to [0086] of
JP2021-039171A. One of these quenchers nmay be used, or
two or nore thereof may be used in conbination. Wen a
quencher is contained, the contained anmount 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 conmpound (A) for formng a netal -containing
film When the contained amount is 0.001 parts by nass
or nore, sufficient blending effect can be achieved, and

when the anount is 5 parts by mass or |less, there is no
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risk of sensitivity being degraded.
[0116]

Furthernmore, the resist material of the present
i nvention can also contain a surfactant as necessary.
Specifically, a surfactant simlar to the surfactant in
the conposition for formng a resist underlayer film can
be used as such a surfactant. Wen a surfactant is
contai ned, the contained amount is preferably 0.01 to 5
parts by mass based on 100 parts by mass of the conpound
(A) for formng a netal-containing film
[0117]
<Met hod for Form ng Resist Underlayer Filne

In the present invention, it is possible to form
by using the above-described conposition for formng a
metal -containing film a resist underlayer filmof a
multilayer resist filmused in lithography or a filling
filmthat serves as a planarizing filmfor the
manuf act ure of sem conductor.

[0118]

In the method for form ng a resist underlayer film
by using the inventive conposition for formng a netal -
containing film the substrate to be processed is coated
with the above-described conposition for formng a
metal -containing filmby a spin-coating nethod or the
i ke. Using the spin-coating nethod or the |ike ensures
a desirable filling property. After spin-coating,
baking (heating) is performed so as to evaporate the
sol vent and pronote a crosslinking reaction to prevent
m xi ng of the resist upper layer filmand the resi st
m ddl e layer film The baking is preferably perforned
at a tenperature of 100°C or hi gher and 600°C or | ower
for 10 to 600 seconds, nore preferably at a tenperature
of 200°C or higher and 500°C or lower for 10 to 300
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seconds. In consideration of influences on device
danmage, wafer deformation, and the |ike, the upper limt
of the heating tenperature in the wafer process of
l'ithography is preferably not nore than 600°C, and nore
preferably not nore than 500°C.

[0119]

In the method for form ng a resist underlayer film
where the inventive conposition for formng a netal -
containing filmis used, a substrate to be processed may
al so be coated with the inventive conposition for
formng a netal-containing filmby spin-coating or the
like in the same manner as descri bed above, and then the
conposition for formng a netal-containing filmmy be
baked and cured under an atnosphere havi ng an oxygen
concentration of 0.1 volume % or nmore and 21 vol ume % or
less to forma netal -containing film
[0120]

By baking the inventive conposition for formng a
metal -containing filmin such an oxygen atnosphere, a
sufficiently cured filmcan be obtained. The atnmosphere
duri ng baking may be air; however, to prevent oxidation
of the netal-containing film it is preferable to
encl ose an inert gas, such as N, Ar, or He, therein to
reduce the anount of oxygen. Control of oxygen
concentration is necessary to prevent oxidation; the
oxygen concentration is preferably 1000 ppm or |ess,
nore preferably 100 ppm or less (volumetric basis). By
t hus preventing oxidation of the netal-containing film
during the baking, the absorption does not increase and
the etching resistance does not decrease, which is
pr ef er abl e.

[0121]
<Patterning Process Using Conposition for Form ng Metal -
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Contai ning Fil np

The present invention provides, as a patterning
process according to a two-layer resist process using
t he above-described conposition for formng a netal -
containing film the patterning process including:

formng a netal-containing filmon a substrate to
be processed by using the conposition for formng a
metal -containing film

formng a resist upper layer filmon the netal-
containing filmby using a photoresist materi al ;

subj ecting the resist upper layer filmto pattern
exposure and then devel opnent with a devel oper to forma
pattern in the resist upper layer film

transferring the pattern to the nmetal - contai ning
filmby dry etching while using the resist upper |ayer
filmhaving the formed pattern as a mask; and

processing the substrate to be processed while
using the nmetal -containing film having the forned
pattern as a mask to formthe pattern in the substrate
to be processed.
[0122]

The resist upper layer filmin the two-1ayer
resi st process described above exhibits etching
resi stance with respect to chlorine-based gas.
Therefore, the dry etching of the nmetal-containing film
that is performed while using the resist upper |ayer
filmas a nmask in the two-|ayer resist process is
preferably performed using an etching gas mainly
contai ning a chlorine-based gas.
[0123]

Wth reference to FIG 1, a patterning process
according to a three-layer resist process will be

descri bed. The present invention provides, as a
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patterni ng process according to a three-|ayer resist
process using such a conposition for form ng a netal -
containing film the patterning process including:

formng a netal-containing film3 on a layer 2 to
be processed on a substrate 1 to be processed by using
the conposition for formng a netal-containing film
formng a resist mddle layer film4 on the netal -
containing filmby using a resist mddle |ayer film
material, and form ng a resist upper layer filmb5 on the
resist mddle layer filmby using a photoresist materi al
as in FIG 1(A);

subsequently subjecting an exposure portion 6 of
the resist upper layer filmto pattern exposure as in
FIG 1(B) and then devel opnent with a devel oper to form
a resist upper layer filmpattern 5a in the resist upper
layer filmas in FIG 1(C);

transferring a resist mddle |layer filmpattern 4a
to the resist mddle |layer filmby dry etching while
using the resist upper |layer film having the formed
pattern as a mask as in FIG 1(D);

transferring a netal-containing filmpattern 3a to
the netal -containing filmby dry etching while using the
resist mddle layer filmhaving the transferred pattern
as a mask as in FIG 1(E); and

processing the layer to be processed on the
substrate to be processed while using the netal -
containing filmhaving the forned pattern as a mask to
forma pattern 2a on the substrate to be processed 1 as
in FIG 1(F).
[ 0124]

Exanpl es of the resist mddle layer filmin the
t hree-layer resist process include a silicon-containing

resist mddle layer film The silicon-containing resist
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m ddl e | ayer filmexhibits 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 mddle layer filmas a mask in the three-I|ayer
resi st process is preferably performed using an etching
gas mainly containing a chlorine-based gas or a

hydr ogen- based gas.

[ 0125]

As the silicon-containing resist mddle layer film
in the three-layer resist process, a polysil oxane-based
mddle layer filmis also preferably used. This allows
the silicon-containing resist mddle |layer filmto
possess an effect as an antireflective film thereby
suppressing reflection. Wen a material containing nmany
aromati c groups and having a high etching selectivity
with respect to the substrate is used as the organic
filmespecially for 193-nm exposure, the k-val ue
I ncreases and thus the substrate reflection increases;
however, the reflection can be suppressed by inparting
absorption so that the silicon-containing resist mddle
| ayer film has an appropriate k-value. 1In this manner,
the substrate reflection can be reduced to 0.5% or |ess.
Preferably used as the silicon-containing resist mddle
| ayer film having an antireflective effect is a
pol ysi | oxane, which has a pendant anthracene for
exposure at 248 nm or 157 nm or a pendant phenyl group
or a pendant |ight-absorbing group having a silicon-
silicon bond for 193 nm exposure, and which is cross-

i nked by an acid or heat.
[0126]
I n addition, the present invention provides a

patterni ng process by way of a four-layer resist process
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usi ng such a conposition for form ng a netal -containing
film the patterning process including the steps of:

formng a netal-containing filmon a substrate to
be processed by using the above-descri bed conposition
for formng a nmetal-containing film

formng a silicon-containing resist mddle |ayer
filmon the nmetal -containing filmby using a silicon-
containing resist mddle |layer filmmterial;

form ng an organic antireflective film (BARC) or
an adhesive filmon the silicon-containing resist mddle
| ayer film

form ng a resist upper layer filmon the BARC or
t he adhesive film by using a photoresist materi al;

subj ecting the resist upper layer filmto pattern
exposure and then devel opnent with a devel oper, thereby
formng a pattern in the resist upper |ayer film

transferring the pattern to the BARC or the
adhesive filmand the silicon-containing resist mddle
| ayer film by dry etching while using the resist upper
| ayer film having the fornmed pattern as a mask;

transferring the pattern to the metal - contai ning
filmby dry etching while using the silicon-containing
resist mddle layer filmhaving the transferred pattern
as a mask; and

processing the substrate to be processed while
using the nmetal -containing film having the forned
pattern as a mask, thereby form ng the pattern in the
substrate to be processed.
[0127]

Al ternatively, an inorganic hard mask m ddl e | ayer
filmmy be forned instead of the silicon-containing
resist mddle layer film In this case, a sem conductor

device circuit pattern can be formed on a substrate, at
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| east, by:

form ng a netal-containing filmon a body to be
processed by using the inventive conposition for formng
a nmetal-containing film

form ng an inorganic hard mask m ddle layer film
selected froma silicon oxide film a silicon nitride
film and a silicon oxynitride filmon the netal -
containing film

formng a resist upper layer filmon the inorganic
hard mask m ddl e layer film by using a photoresist
conposi tion;

forming a circuit pattern in the resist upper
| ayer film

etching the inorganic hard mask m ddle layer film
whil e using the resist upper layer film having the
formed pattern as a mask

etching the nmetal -containing filmwhile using the
i norgani ¢ hard mask m ddl e layer film having the fornmed
pattern as a mask; and

furthernmore, etching the body to be processed
whil e using the netal-containing film having the formed
pattern as a mask to formthe pattern in the body to be
processed.
[ 0128]

As descri bed above, when the inorganic hard mask
m ddle layer filmis 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 net hod, an ALD nethod, etc. The nethod for formng
the silicon nitride filmis disclosed, for exanple, in
JP2002- 334869A and WO2004/ 066377A1. The filmthickness
of the inorganic hard mask is preferably 5 to 200 nm
nore preferably 10 to 100 nm The SiON film which has
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a high function as an antireflective film is the nost
preferably used as the inorganic hard mask. Since the
substrate tenperature increases to 300 to 500°C when the
SION filmis formed, the netal-containing filmneeds to
w t hstand a tenperature of 300 to 500°C. The
conposition for formng a netal-containing filmused in
t he present invention has high heat resistance and can
wi thstand a high tenperature of 300 to 500°C. Thus, the
metal -containing filmformed by spin-coating and the

i norgani ¢ hard mask mddle layer filmforned by the CVD
met hod or the ALD nethod can be conbi ned.

[0129]

A photoresist filmmy be formed on the inorganic
hard mask m ddle |layer filmas the resist upper |ayer
filmas descri bed above. Alternatively, an organic
antireflective film (BARC) or an adhesive film may be
formed on the inorganic hard mask m ddle | ayer film by
spi n-coating, and a photoresist filmmy be forned
thereon. In particular, when a SION filmis used as the
i norgani ¢ hard mask, the reflection can be suppressed by
the two antireflective filnms, i.e., the SION film and
the BARC film even in liquid innmersion exposure at a
hi gh NA exceeding 1.0. Another nmerit of form ng BARC
resides in that it has an effect to reduce a footing
profile of a photoresist pattern inmmedi ately above the
SIiON film
[ 0130]

I n addition, the present invention provides a
patterni ng process according to a nultilayer resist
process using such a conposition for form ng a netal -
containing film In this case, a sem conductor device
circuit pattern can be fornmed on a substrate in the

foll ow ng manner:
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formng a resist underlayer filmon a substrate to
be processed;

appl ying the inventive conposition for formng a
metal -containing filmonto the resist underlayer film
and then heating to forma netal-containing film

formng a resist upper layer filmon the netal-
containing filmby using a photoresist materi al;

subj ecting the resist upper layer filmto pattern
exposure and then devel opnent with a devel oper to forma
pattern in the resist upper layer film

transferring the pattern to the nmetal - contai ning
filmby dry etching while using the resist upper |ayer
filmhaving the formed pattern as a mask

transferring the pattern to the resist underl ayer
filmby dry etching while using the metal -containing
filmhaving the transferred pattern as a mask; and

furthernore, processing the substrate to be
processed while using the resist underlayer film having
the formed pattern as a mask to formthe pattern in the
substrate to be processed.

[0131]

A photoresist filmmy be formed on the netal -
containing filmas a resist upper layer film as
descri bed above. Alternatively, an organic adhesive
filmmy be fornmed on the nmetal-containing film by spin-
coating, and a photoresist filmmy be fornmed thereon
[0132]

As descri bed above, when the resist underl ayer
filmis formed on the substrate to be processed, the
resi st underlayer filmcan be formed by a nethod using a
coating-type organic underlayer filmmterial, a CVD
met hod, an ALD nmethod, or the like. Exanples of the
coating-type organic underlayer filmmaterial include
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resins and conpositions 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,
W02012/ 077640A1, WO2010/ 147155A1, WO2012/176767A1,
JP2005- 128509A, JP2006- 259249A, JP2006- 259482A, JP2006-
293298A, JP2007-316282A, JP2012-145897A, JP2017-119671A,
JP2019- 044022A, etc.

[0133]

The resist upper layer filmin the nmultilayer
resi st process described above may be either a positive
type or a negative type, and it is possible to use a
filmsimlar to the typically used photoresi st
conposition. The prebaking, which is conducted after
the spin-coating with the photoresist conposition, is
preferably perfornmed at 60 to 180°C for 10 to 300
seconds. Thereafter, exposure is conducted according to
a usual manner, foll owed by post-exposure baking (PEB)
and devel opnent, thereby obtaining a resist pattern.

Al t hough the thickness of the resist upper layer filmis
not particularly limted, the thickness is preferably 30
to 500 nm particularly preferably 50 to 400 nm

[ 0134]

Furt hernmore, exanples of |ight for exposure
i ncl ude hi gh-energy beans at wavel engt hs of 300 nm or
| ess, specifically excinmer lasers at 248 nm 193 nm and
157 nm soft X-rays at 3 to 20 nm an el ectron beam X-
rays, and the |ike.

[ 0135]

As the method for form ng a pattern in the resist
upper layer film it is preferable to use a patterning
process using a photolithography with a wavel ength of 5
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nm or nore and 300 nmor |less, a direct draw ng using an
el ectron beam nanoi nprinting, or a conbination thereof.
[ 0136]

The devel opnent nethod in the patterning process
is preferably al kali devel opment or devel opnment using an
organi ¢ sol vent.

[0137]

Next, etching is performed while using the
obt ai ned resist pattern as a mask. The etching of a
silicon-containing resist mddle layer filmor an
I norgani ¢ hard mask m ddle layer filmin the three-|ayer
resi st process is perfornmed while using the upper |ayer
resist pattern as a mask by using a fluorocarbon-based
gas. In this manner, a silicon-containing resist mddle
| ayer film pattern or an inorganic hard mask m ddl e
| ayer film pattern is fornmed.

[ 0138]

Next, the metal-containing filmis etched while
usi ng the obtained silicon-containing resist mddle
| ayer film pattern or inorganic hard mask m ddl e | ayer
filmpattern as a mask. The etching of the netal -
containing filmis preferably perfornmed using an etching
gas mainly containing a chlorine-based gas.

[0139]

The subsequent etching of a body to be processed
may al so be perfornmed according to a usual manner. For
example, in the case of a body to be processed made of
Si G, SiNor silica-based |ow dielectric constant
insulating film the etching is performed mainly based
on a fluorocarbon-based gas. Wen the substrate is
processed by way of etching with a fluorocarbon-based
gas, the silicon-containing resist mddle layer film

pattern in the three-|layer resist process is stripped
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simul taneously with the substrate processing.
[ 0140]

The netal -containing film obtained by using the
I nventive conposition for formng a netal -cont ai ni ng
filmis characterized by its excellent etching
resi stance at the tinme of etching of the body to be
processed.

[0141]

Exanpl es of the body to be processed (substrate to
be processed) include, but are not particularly limted
to, substrates made of Si, o-Si, p-Si, Si02, SIi N, Si ON,
W TiN, A, etc., those in which the |ayers to be
processed are forned on the substrate, and the |ike.
Exanpl es of the |ayers to be processed include various
low-k films such as those made of Si, SIiG;, SIiON, SiN
p-Si, o-Si, W, W—Si, Al, Cu, Al-Si, and the like, and
stopper filnms therefor, which can each be typically
formed into a thickness of 50 to 10,000 nm particularly
100 to 5,000 nm \Vhen the |ayer to be processed is
formed, the substrate and the | ayer to be processed are
made of different materials.

[0142]

In the patterning process using the inventive
conposition for formng a netal-containing film it is
preferable to use a substrate to be processed having a
structure or step having a height of 30 nmor nore. As
descri bed above, the inventive conposition for formng a
metal -containing filmhas excellent filling and
pl anarizing 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 nore. The height of the structure or step of the

substrate to be processed is preferably 30 nm or nore,
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nore preferably 50 nmor nore, and nore preferably 100
nmor nore. In the nethod of processing a stepped
substrate having a pattern of the above-described height,
filling and planarizing by formng a filmof the
I nventive conposition for formng a netal -cont ai ni ng
filmmakes it possible to achieve a uniformfilm
t hickness in the subsequently formed resist mddle |ayer
filmand resist upper layer film Therefore, it is easy
to ensure the exposure depth margin (DOF) at the tinme of
phot ol i t hography, which is very preferable.
[ 0143]
<Tone- Reversal Patterning Process Using Conposition for
Form ng Metal - Containing Fil ne

Wth reference to FIG 2, a tone-reversal
patterni ng process using a conposition for formng a
nmetal -containing filmwll be described. The present
i nvention provides, as a tone-reversal patterning
process using such a conposition for form ng a netal -
containing film a tone-reversal patterning process
i ncluding the steps of:

form ng a resist underlayer film7 on a layer 2 to
be processed on a substrate 1 to be processed, form ng a
resist mddle layer film4 or a conbination of an
I norgani ¢ 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
resi st underlayer film?7, and form ng a resist upper
|l ayer film5 on the resist mddle |ayer film4 or the
conbi nation of the inorganic hard mask m ddle |ayer film
and the organic thin filmby using a photoresi st
material as in FIG 2(0Q;

subsequently subjecting an exposure portion 6 of

the resist upper layer filmto pattern exposure as in
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FIG 2(H) and then devel opnment with a developer to form
a resist upper layer filmpattern 5a in the resist upper
layer filmas in FIG 2(1);

transferring a resist mddle layer filmpattern 4a
or an inorganic hard mask m ddle layer filmpattern to
the resist mddle layer filmor the organic thin film
and the inorganic hard mask m ddle |ayer film by dry
etching while using the resist upper layer film having
the formed pattern as a mask as in FIG 2(J);

transferring a resist underlayer filmpattern 7a
to the resist underlayer filmby dry etching while using
the resist mddle layer filmor the inorganic hard mask
m ddl e |l ayer filmhaving the transferred pattern as a
mask as in FIG 2(K);

covering the resist underlayer film having the
formed pattern with a netal-containing film8 by using
t he above-described conposition for formng a netal -
containing film thereby filling a space between the
resi st underlayer filmpatterns 7a with the netal -
containing film8 as in FIG 2(L);

et ching back the metal -containing filmcovering
the resist underlayer filmhaving the formed pattern by
a chem cal stripper or dry etching to forma reversed
metal -containing filmpattern 8a to expose an upper
surface of the resist underlayer film having the forned
pattern as in FIG 2(M;

renoving the resist mddle layer filmor the
i norgani ¢ hard mask m ddle layer filmremining on the
upper surface of the resist underlayer filmpattern 7a
by dry etching as in FIG 2(N);

renoving the resist underlayer film having the
formed pattern with its surface exposed by dry etching

to forma reverse pattern of the original pattern in the
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metal -containing filmas in FIG 2(0O); and

processing the layer to be processed whil e using
the netal -containing film having the formed reverse
pattern as a mask to formthe reverse pattern 2b in the
| ayer to be processed as in FIG 2(P).

[ 0144]

As descri bed above, when the resist underl ayer
filmis formed on the substrate to be processed, the
resi st underlayer filmcan be formed by a nethod using a
coating-type organic underlayer filmmterial, a CVD
met hod, an ALD net hod, or the like. Exanples of the
coating-type organic underlayer film material include
resins and conpositions 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, WO2010/ 147155A1, W0O2012/176767A1,
JP2005- 128509A, JP2006- 259249A, JP2006- 259482A, JP2006-
293298A, JP2007-316282A, JP2012-145897A, JP2017-119671A,
JP2019- 044022A, etc.

[ 0145]

In the tone-reversal patterning process, after the
obt ai ned resist underlayer filmpattern is coated with
the conposition for formng a netal-containing film it
is preferable to renove the netal-containing film by
using a dry etching gas mainly containing a chlorine-
based gas so as to expose the upper surface of the
resi st underlayer filmpattern. Thereafter, the resist
m ddl e | ayer filmor the inorganic hard mask m ddl e
| ayer filmremaining on the resist underlayer filmis
renoved by dry etching using a fluorocarbon-based gas,

and the resist underlayer film pattern having an exposed
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surface is renmoved by dry etching using an oxygen-based
gas to forma netal-containing filmpattern
[ 0146]

In the tone-reversal patterning process described
above, the resist underlayer filmpattern preferably has
a step or a structure with a height of 30 nm or nore.
As descri bed above, the inventive conposition for
formng a netal-containing filmhas excellent filling
and planari zing properties. Thus, even when the filmto
be processed has a step (irregularities) or a structure
with a height of 30 nmor nore, a flat cured film can be
formed. The height of the structure or the step of the
resi st underlayer filmpattern is preferably 30 nm or
nore, nore preferably 50 nmor nore, and still nore
preferably 100 nmor nore. In the method of reversing
the resist underlayer filmpattern having a pattern with
t he above-descri bed height, by performng filling and
pl anari zation by formng a filmfromthe inventive
conposition for formng a netal-containing film
I nversion/transfer of the pattern can be perfornmed with
a high degree of accuracy, which is very preferable.
Reversing the resist underlayer film pattern by using
t he conmposition for formng a nmetal-containing film
allows a desired resist pattern to be forned on a film
to be processed with a high degree of accuracy due to
the excellence in resistance in dry etching using a
fluorocarbon-based gas relative to the resist underl ayer
filmusing a previously-known coating-type organic
under | ayer film materi al
[ 0147]
<Patterning Process Using Photoresist Mterial >

As a patterning process using the above-described

resist material, the present invention provides a
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patterning process including the steps of:

(sl1) applying the above-described resist materi al
onto a substrate;

(s2) perform ng a heat treatnent;

(s3) perform ng exposure with a high-energy beam
and

(s4) perform ng devel opnent by using a devel oper.

| ncidentally, a heat treatnent step may al so be
applied after the exposure in addition to the treatnent
after the application. A heat treatnment after exposure
to light is effective for achieving higher sensitivity
and hi gher contrast.

[ 0148]

In the step (sl1l), the method for applying the
resist material onto the substrate is not particularly
limted, and the application can be perfornmed by an
exi sting method. For exanple, the resist material can
be applied onto a substrate for producing an integrated
circuit or a layer to be processed (Si, Si®, SiN, SiON,
TiN, Wi, BPSG, SOG, organic antireflective film etc.)
on the substrate, or onto a substrate for producing a
mask circuit or a |ayer to be processed (Cr, CrO CrON
MoSi 2, SiO;, etc.) on the substrate by an appropriate
application nmethod, such as spin coating, roll coating,
flow coating, dip coating, spray coating, doctor coating,
etc. so that the coating filmthickness is 0.01 to 2.0
pm.

[ 0149]

In the step (s2), the nethod for performng the
heat treatnment is not particularly limted, and for
exanpl e, the heat treatnment can be perfornmed on a hot
plate at 60 to 400°C for 10 seconds to 30 m nutes,
preferably at 100 to 350°C for 30 seconds to 20 m nutes
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by prebaking.
[ 0150]

In the step (s3) of exposing the resist filmto a
hi gh-energy beam it is preferable to use, as the high-
energy beam an extrene ultraviolet ray having a
wavel ength of 3 to 15 nmor an el ectron beam having an
acceleration voltage of 1 to 250 kV fromthe viewpoints
of sensitivity and resolution. Radicals are generated
by irradiation with a high-energy beam while organic
groups bonded to Sn atonms via C atons are di ssoci ated
during baking. Radicals generated in this manner form -
Sn-O- Sn- bonds and initiate a condensati on
pol ymeri zati on reaction. Thus, curing of a netal -
containing filmprogresses. It is considered that
solubility in a devel oper changes in this manner.

[ 0151]

I n the devel opnment step (s4), the devel oper is not
particularly limted, and a suitable devel oper can be
sel ected depending on the resist material used. However,
an organic solvent is preferable. Specifically, the
devel oper preferably contains one or nore organic
sol vents selected from 2-octanone, 2-nonanone, 2-
hept anone, 3-heptanone, 4-heptanone, 2-hexanone, 3-
hexanone, diisobutyl ketone, nethylcycl ohexanone,
acet ophenone, net hyl acet ophenone, propyl acetate, butyl
acetate, isobutyl acetate, pentyl acetate, butenyl
acetate, isopentyl acetate, propyl formate, butyl
formate, isobutyl formate, pentyl formate, isopentyl
formate, nmethyl valerate, nethyl pentenoate, nethyl
crotonate, ethyl crotonate, methyl |actate, ethyl
| actate, propyl lactate, butyl |actate, isobutyl |actate,
pentyl |actate, isopentyl lactate, nmethyl 2-

hydr oxyi sobutyrate, ethyl 2-hydroxyisobutyrate, nmethyl
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benzoate, ethyl benzoate, phenyl acetate, benzyl acetate,
met hyl phenyl acet ate, benzyl formate, phenyl et hyl
format e, nethyl 3-phenyl propionate, benzyl propionate,
et hyl phenyl acetate, and 2-phenyl ethyl acetate. The
total concentration of these organic solvents is
preferably 60 mass% or nore of the total anount of the
devel oper.
[ 0152]

When a devel oper containing such an organic
solvent is used, a negative pattern, where unexposed
portions dissolve and exposed portions remain as

patterns, can be fornmed.

EXAMPLE
[ 0153]

The present invention is nore specifically
descri bed below with reference to Synthesis Exanpl es,
Conpar ative Synthesis Exanpl es, Exanples, and
Conpar ative Exanples. However, the present invention is
not limted to these Exanples. To obtain nolecul ar
wei ght and di spersity, weight-average nol ecul ar wei ght
(Mw) and nunber-average nol ecul ar wei ght (M) on
pol ystyrene basis were neasured by gel perneation
chromat ography (GPC) using tetrahydrofuran as an el uent,
and di spersity (Mv Mh) was cal cul ated from these val ues.
[ 0154]
[ Synt hesi s Exanpl es]

In the foll owi ng Synthesis Exanpl es and
Conpar ative Synthesis Exanples, the follow ng starting
material group G (Gl) to (Gl4) was used.

The starting material group G (Gl) to (Gl4) is

shown bel ow
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[ 0155]
[ Synt hesi s Exanple 1] Synthesis of Conpound for Form ng
Metal-Containing Film (A-1)

5.0 g of dibutyltin oxide, 11.0 g of the
carboxylic acid (Gl), and 100 g of toluene were added
toget her, and refluxed for 7 hours while renoving water.
After the reaction, the solvent was renoved under
reduced pressure. Hexane was added to the resulting
solution, and filtration and washing were perforned.
The collected solid was dried under vacuumat 70°C to
gi ve a conpound (A-1).

(A—1): Mw = 254, Mw/Mn = 1.18
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[ 0156]
[ Synthesis Exanples 2 to 12 and Conparative Synthesis
Exanpl es 1 and 2] Synthesis of Conpounds (A-2) to (A-12)
and Conmpounds (R-1) and (R-2) for Conparative Exanples
The conmpounds (A-2) to (A-12) and the conpounds
(R-1) and (R-2) for the Conparative Exanples shown in
Tables 1 to 3 were obtained under the same reaction
conditions as in Synthesis Exanple 1, except that the
conmpound group G and dibutyltin oxide were used at the
chargi ng ambunts shown in Tables 1 to 3. Since (A-10),
(R1), and (R-2) are liquid, only the renoval of toluene
was perforned. The weight-average nol ecul ar wei ght (Mn)
and the dispersity (Mv Mh) of these conmpounds were
determ ned. Table 4 shows the results.

75



[0157]
[ Tabl e 1]

Synt hesi s
Exanpl e

Di butyltin
oxi de

Conpound
group G

Conpound

GL (11.

g)

G2 (10.

g)

G3 (11.

9)

G4 (13.

g)

G5 (11.

9)

G (12.

g)

(A-6)
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[ 0158]
[ Tabl e 2]

Synt hesi s
Exanmpl e

Di butyltin
oxi de

Compound
group G

Conpound

G7 (10.3 g)

(A-7)

G8 (8.6 g)

\Q Q/

(A-8)

@ (9.9 g)

,/@ N

(A-9)

\

10

GLO (8.7 g)

11

GL1 (9.3 g)

12

Gl2 (8.6 Q)
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[0159]

[ Tabl e 3]
Cg;ﬁ?;g;::e Di butyl tin Conpound Conpound for Conparative
Exanpl e oxi de group G Exanpl e
0 0
1 5.0 ¢ G13 (8.0 g) H3C(H2C)10J(O /O)L(CH2)1OCH3
A AL
(R-1)
(o] o]
2 5.0 g Gl4 (6.0 Q) q fjf%ﬁk\ P
(R-2)
[0160]
[ Tabl e 4]
Conpound Mv MV Mh
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
[0161]

[ Synt hesis of Conpound (R-3) for Form ng Metal -
Containing Filmfor Conparative Exanpl e]

8.0 g of butyltin trichloride was stirred at room
tenperature, and 10 g of acrylic acid was dropped
thereto. After that, the tenperature was raised to 80°C,
and the m xture was stirred for 7 hours. After the

conpletion of the reaction, the acrylic acid was renoved
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under reduced pressure, and (R-3) was obtai ned.
(R=3): Mw = 51, Mw/Mn = 1.14

a

[0162]
[ Synt hesis of Conpound (R-4) for Form ng Metal -
Containing Filmfor Conparative Exanpl e]

As a compound having a different netal fromthe
I nventive conpound for formng a netal-containing film
a titanium conpound reported in [Synthesis Exanple A-11]
of JP6189758B2 was synt hesi zed.

An | PA solution (500 g) of deionized water (27 Q)
was agitated with an I PA solution (500 g) of a titanium
tetrai sopropoxi de (manufactured by Tokyo Chem ca
| ndustry Co., Ltd.) (284 g) and dropped at room
tenperature for 2 hours. 2-nethyl-2,4-pentanediol (120
g) was added to a solution obtained and agitated at room
tenperature for 30 mnutes. After the solution was
concentrated under reduced pressure at 30°C, it was
heated to 60°C and heati ng was conti nued under reduced
pressure to generate no distillate. Then, PGVEA (1, 200
g) was added thereto and heated under reduced pressure
at 40°C until no I PA was distilled to obtain a PGVEA
solution of a titanium containing conpound (R-4) (1,000
g) (conmpound concentration: 20 mass% . The nol ecul ar
wei ght of the conmpound nmeasured in terns of polystyrene
was Mv = 1, 100.
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[0163]
[ Synthesis of Resin (R-5) for Form ng Organic Filmfor
Conpar ati ve Exanpl e]

Under a nitrogen atnosphere, 160.2 g of 1, 5-
di hydr oxynapht hal ene, 56.8 g of fornmal dehyde, and 300 g
of PGVE (propylene glycol nononethyl ether) were added,
and honogeni zed at an internal tenperature of 100°C.
After that, a m xed solution of 8.0 g of p-
t ol uenesul foni ¢ acid nonohydrate and 8.0 g of PGVE t hat
had been m xed and honogeni zed beforehand was added
dropwi se slowy, and a reaction was allowed to take
pl ace at an internal tenperature of 80°C for 8 hours.
After the reaction was conpl eted, the resultant was
cooled to roomtenperature, and 2,000 m of M BK was
added thereto. The resultant was washed six tinmes with
500 M of pure water, and the organic |layer was
evapor at ed under reduced pressure to dryness. After
adding 300 g of THF to the residue to yield a
honogeneous 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
vacuumdried at 70°C, thereby obtaining a resin (R-5).

The wei ght - average nol ecul ar wei ght (Mw) and the
di spersity (Mwv Mh) were determ ned by GPC, and the
follow ng results were obtained.
(R-5): Mw = 3,300, MW Mh = 2.54

OH
! ~CH
OH
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[0164]
[ Conposition for Form ng Metal -Containing Film UDL-1]

The compound (A-1) for form ng a netal -containing
filmwas dissolved at a ratio shown in Table 5 in a
m xed sol vent of propylene glycol nononethyl ether
acetate (PGVEA) and cycl ohexanone (CyHO) containing 0.5
mass% of a surfactant FC-4430 (manufactured by Sum tono
BMLimted), and the solution was filtered through a
0.02-um membrane filter to prepare a composition (UDL-1)
for formng a nmetal-containing film
[0165]

[ Preparation of Conpositions (UDL-2 to -15) for Form ng
Met al - Cont ai ning Fil m and Conpositions (Conparative UDL-
1 to -5) for Form ng Metal -Containing Filmfor

Conpar ati ve Exanpl es]

Each chem cal liquid was prepared in the same
manner as UDL-1, except that the type and the contai ned
anmpunt of each conponent were as shown in Table 5. 1In
Table 5, “-” indicates that the conponent was not used.
The follow ng fornmulae (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-di acetoxyhexane
(boiling point: 260°C) was used as the high-boiling-
poi nt solvent (D-1), and a polynmer (BP-1) for a
flowability accel erator was used as the flowability
accel erator.

[0166]
[ Crosslinking Agent]

The crosslinking agent (C-1) used in a conposition
for formng a metal-containing filmis shown bel ow.

Di pentaerythritol Hexaacrylate (manufactured by Tokyo
Chem cal Industry Co., Ltd.) was used as the
crosslinking agent (C-2).
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H,CO

[0167]
[ Thermal Acid Generator]

The thermal acid generator (F-1) used in a
conposition for formng a netal-containing filmis shown

bel ow.
//\W+
(I\Qi/ CF3CF>CF>S03"

(F-1)

[0168]
[ Synt hesi s Exanpl e of Polyner for Flowability
Accel erator] Synthesis of Polymer (BP-1) for Flowability
Accel erat or

Under a nitrogen atnosphere, 20.0 g of cresol
novol ak, 27.6 g of potassium carbonate, and 100 g of DM
wer e added, and a honpbgeneous dispersion was prepared at
an internal tenperature of 50°C. 11.9 g of proparagyl
brom de was added slowy, followed by a reaction at an
i nternal tenperature of 50°C for 24 hours. 300 m of
met hyl i sobut yl ket one and 300 g of pure water were added
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to a reaction solution to dissolve the precipitated
salts. Thereafter, the separated water |ayer was
renoved. Further, the organic |ayer was washed with 100
g of a 3% aqueous nitric acid solution and 100 g of pure
water six tinmes, and then the organic |ayer was dried
under reduced pressure to hardness, thereby obtaining a
resin (BP-1).

The wei ght - average nol ecul ar wei ght (Mw) and the
di spersity (Mwv Mh) were determ ned by GPC, and the
follow ng results were obtained.
(BP-1): Mwv = 8,500, MM Mh = 3. 46

OH o ™
Gt Qe
40 : 60
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[ 0169]

[ Tabl e 5]

Conmpound f or
Conposition |form ng
for form ng |netal - Addi tive |Solvent
met al - cont ai ni ng
containing |film
film (parts by (parts by

mass) mass) (parts by mass)
UDL- 1 A-1 (15) - PGVEA/ CyHO ( 50/ 35)
UDL- 2 A-2 (15) - PGVEA/ CyHO (50/ 35)
UDL- 3 A-3 (15) - PGVEA/ CyHO ( 50/ 35)
UDL- 4 A-4 (15) - PGVEA/ CyHO ( 50/ 35)
UDL- 5 A-5 (15) - PGVEA (85)
UDL- 6 A-6 (15) - PGVEA (85)
UDL- 7 A-7 (15) C-1 (3) PGVEA (85)
UDL- 8 A-8 (15) - PGVEA (85)
UDL- 9 A-9 (15) - PGVEA (85)
UDL- 10 A-10 (15) - PGVEA (85)
UDL- 11 A-11 (15) - PGVEA (85)
UDL- 12 A-12 (15) - PGVEA (85)
UDL- 13 A-8 (10) BP-1 (2) |PGVEA (88)
UDL- 14 A-8 (15) D-1 (5) PGVEA (80)

C2 (2

UDL- 15 A-12 (15) F-1 (0.1) PGVEA (83)
Conparative
UDL- 1 R-1 (10) - PGVEA (90)
comparative g 2 (1s) : PGVEA/ CyHO ( 50/ 35)
Conpar ative
UDL- 3 R-3 (15) - PGVEA (85)
Conparative
UDL- 4 R-4 (10) - PGVEA (90)
Conpar ative
UDL- 5 R-5 (5) - PGVEA (95)
[0170]

[ Heat Resi stance Eval uation

and Sol vent Resi stance

Eval uation (Exanples 1-1 to 1-15 and Conparative
Exanmples 1-1 to 1-5)]

Each of the conpositions (UDL-1 to -15 and

conparative UDL-1 to -5) for

form ng a netal -containing

film prepared as descri bed above was respectively

applied onto a silicon substrate and baked at
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60 seconds, and then the filmthickness (a [nn]) was
measured. Subsequently, after baking at the baking
tenperature shown in Table 6 for 60 seconds, the film

t hickness (b [nn) was neasured, and the difference
between the filmthicknesses (filmremaining percentage:
(b/a) x 100) before and after the additional baking was
det er m ned.

Furthernmore, a PGVEA sol vent was di spensed thereon,
left to stand for 30 seconds, spin-dried, and baked at
100°C for 60 seconds to evaporate the PGVEA. The film
t hickness (c [nnm) was then neasured. The difference
between the filmthicknesses (filmremaining percentage:
(c/b) x 100) before and after the PGVEA treatnent was
determ ned. The following Table 6 shows the results.
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[0171]

[ Tabl e 6]
Conposi tion . Film . Eilm .Film
for formng| Baking t hi ckness Baki ng t hi ckness (bla) |thickness|(c/b)
Exanple |metal - tenperature a tenperature b x 100| ¢ after |x 100

cont ai ni ng rinsing

film °C nm °C nm % nm %
Exanple 1-1 |UDL-1 100°C 169. 58 250°C 105.14 | 62% | 100.85 |95.9%
Exanmpl e 1-2 |UDL-2 100°C 147. 06 250°C 101.47 | 69% | 101.47 |[100. 0%
Exanmpl e 1-3 |UDL-3 100°C 216.09 250°C 99. 4 46% | 99.13 [99.7%
Exanple 1-4 |UDL-4 100°C 238.64 250°C 107.39 | 45% | 107.4 |100.0%
Exanple 1-5 |UDL-5 100°C 207. 28 250°C 103.64 | 50% | 103.34 |99.7%
Exanple 1-6 |UDL-6 100°C 225.81 250°C 97.1 43% 96.7 99. 6%
Exampl e 1-7 |UDL-7 100°C 193. 44 250°C 100.59 | 52% | 100.49 |99.9%
Exanmpl e 1-8 |UDL-8 100°C 189. 20 250°C 104.06 | 55% | 104.05 |[100. 0%
Exanple 1-9 |UDL-9 100°C 236. 60 250°C 99. 37 42% | 94.77 |95.4%
Exanpl e 1-10|UDL-10 100°C 208.53 250°C 102.18 | 49% | 101.48 |99.3%
Exanpl e 1-11|UDL-11 100°C 200. 35 250°C 102.18 | 51% | 100.94 |98.8%
Exanmpl e 1-12|UDL-12 100°C 212.88 250°C 102.18 | 48% | 102.19 |[100. 0%
Exanpl e 1-13|UDL-13 100°C 180. 40 250°C 113.65 | 63% | 113.64 |[100.0%
Exanpl e 1-14|UDL-14 100°C 209.51 250°C 98. 47 47% | 98.47 |100. 0%
Exanpl e 1-15|UDL-15 100°C 202. 60 250°C 105.35 | 52% | 105.35 |[100. 0%
Conpar ative |Conparative o o 0 i i
Exanple 1-1 |UDL-1 100°C 200. 59 250°C 3.2 2%
Conparative |Conparative o o 0 i i
Exanple 1-2 |UDL- 2 100°C 198. 68 250°C 1.8 1%
Conpar ative |Conparative o o 0 i i
Exanpl e 1-3 |UDL-3 100°C 176. 40 250°C 2.1 1%
Conparative |Conparative o o 0 0
Exanple 1-4 |UDL- 4 100°C 314. 35 300°C 81.73 26% | 81.75 |100.0%
Conpar ative |Conparative o o 0 0
Exanpl e 1-5 |UDL-5 100°C 118. 21 350°C 92.87 21% | 92.87 |100. 0%

[0172]

As shown in Table 6,

the inventive conposition for

formng a netal-containing film (Exanples 1-1 to 1-15)

had a filmremining percentage ((b/a) x 100) of 40% or

nmore after

t he additi onal

hi gh-t enper at ure baki ng,

it was shown that the conpositions had the high-

t enperature baking resistance required in resist

under | ayer
addi ti onal
percentage ((c/b) x 100) of 95% or
rinsing,

t ook place and sufficient solvent

and it

films.

can be seen that

I n addition,
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nmore after

and

the filnms subjected to

hi gh-t enperature baking had a fil m remaining

t he PGVEA

resi stance was

a crosslinking reaction



exhi bited. In particular, the conpounds (UDL-2 to -6, -
8, and -10 to -12), having the structure shown by the
general formula (2) had excellent thernosetting property,
and showed results of having a filmremaining percentage
of 99% or nore. On the other hand, conparative UDL-1,
used in Conparative Exanple 1-1, did not have a
crosslinking group, and therefore, had insufficient heat
resi stance. Therefore, the filmremai ning percentage
((b/a) x 100) after the additional high-tenperature
baki ng was | ess than 5% Meanwhil e, heat resistance was
al so insufficient in the cases of Conparative Exanples
1-2 and 1-3, where conparative UDL-2 and conparative
UDL-3 were used. Conparative UDL-2 and conparative UDL-
3 had the sane term nal crosslinking group as the
i nventive conpounds, but had an organic group different
fromthe general formula (1). In these cases, the film
remai ni ng after the high-tenperature baking was |ess
than 5 nm

| n Conparative Exanple 1-4, the used conposition
conparative UDL-4 contained, as a conpound having a
different metal fromthe inventive compound for form ng
a netal-containing film the titanium conpound reported
in [Synthesis Exanple A-11] of JP6189758B2. 1In this
case, sufficient solvent resistance was exhibited, but
the difference between the filmthicknesses before and
after the additional high-tenperature baking was | arge,
and it was shown that volunme shrinkage due to high-
t enperature baking was greater than in the inventive
conmpound for formng a netal-containing film
[0173]
[Filling Property Eval uation (Exanples 2-1 to 2-15 and
Conparative Exanples 2-1 and 2-2)]

Each of the conpositions (UDL-1 to -15 and
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conparative UDL-4 and -5) for form ng a netal -containing
filmthat had favorable filmformability after the
addi ti onal baking in the solvent resistance eval uati on
was respectively applied onto an Si O, wafer substrate
havi ng 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
tenperature shown in Table 7 for 60 seconds by using a
hot plate to forma netal-containing filmhaving a film
thi ckness of 100 nm The substrate used was a base
substrate 9 (Si O, wafer substrate) having a dense |ine-
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 m croscope (S-4700: manufactured by
Hitachi, Ltd.), and the presence/ absence of voids (gaps)
inside the netal-containing filmfilling the space
between the |lines was confirnmed. Table 7 shows the
results. In this evaluation, when a conposition for
formng a netal-containing filmhaving a poor filling
property is used, voids are generated inside the netal -
containing filmfilling the space between the lines. In
this eval uation, when a conposition for form ng a netal -
containing filmhaving a desirable filling property is
used, as shown in FIG 3(S), the inside of the netal-
containing filmfilling the space between the |ines of

t he base substrate 9 having the dense |ine-and-space
pattern is filled with a void-free netal -containing film
10.
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[0174]

[ Tabl e 7]
Conposition Baki ng
for formng |tenperature| Filling
Exanpl e nmet al - property
cont ai ni ng °C Voi ds
film
Exanple 2-1 UDL- 1 250°C Absent
Exanpl e 2-2 UDL- 2 250°C Absent
Exanpl e 2-3 UDL- 3 250°C Absent
Exanpl e 2-4 UDL- 4 250°C Absent
Exanpl e 2-5 UDL- 5 250°C Absent
Exanpl e 2-6 UDL- 6 250°C Absent
Exanpl e 2-7 UDL- 7 250°C Absent
Exanpl e 2-8 UDL- 8 250°C Absent
Exanpl e 2-9 UDL- 9 250°C Absent
Exanpl e 2-10 |UDL-10 250°C Absent
Exanpl e 2-11 |UDL-11 250°C Absent
Exanpl e 2-12 |UDL-12 250°C Absent
Exanpl e 2-13 |UDL-13 250°C Absent
Exanmpl e 2-14 |UDL- 14 250°C Absent
Exanpl e 2-15 |UDL-15 250°C Absent
Conpar ati ve Conpar ati ve o
Exgﬁple 2.1 UDEP4 300°C Pr esent
Conpar ati ve Conpar ati ve o
Exgﬁple 55 |UDLes 300°C Absent

[0175]

It was successfully confirmed that, as shown in
Table 7, in Exanples 2-1 to 2-15 using the inventive
conpositions (UDL-1 to -15) for formng a netal -
containing film it was possible to fill the dense |ine-
and- space pattern wi thout the generation of voids, and
excellent filling property was provided. On the other
hand, voids were observed at the bottom of the pattern
I n Conparative Exanple 2-1, using conparative UDL-4
containing the titanium conpound reported in [Synthesis
Exanple A-11] of JP6189758B2. It is conjectured that
voi ds were generated because vol unme shrinkage due to
hi gh-t enperature baking was great, as observed in the

sol vent resistance evaluation. Manwhile, in
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Conparative Exanple 2-2, where conparative UDL-5 was
used, no voids were generated.

[0176]

[ Pl anari zing Property Eval uation (Exanples 3-1 to 3-15
and Conparative Exanples 3-1 and 3-2)]

Regardi ng base substrates 11 (Si O wafer
substrates) each having a dense |ine-and-space pattern
shown in FIG 4(T), the cross sectional shape of each of
t he wafer substrates obtained in the filling property
eval uation as shown in FIG 4(U) was observed using a
scanni ng el ectron m croscope (SEM, and the step Delta
12 between the |line-pattern-dense portion and the non-
i ne-pattern portion of the filling film 12 was observed
using an electron m croscope (S-4700: manufactured by
Hitachi, Ltd.). Table 8 shows the results. 1In the
present evaluation, it can be said that the smaller the

step, the better the planarizing property.

[0177]
[ Tabl e 8]
Composition for formng Baki ng Fl at ness
Exanpl e . . tenperature
metal -containing film S

C nm
Exanmple 3-1 UDL- 1 250°C 35
Exanpl e 3-2 UDL- 2 250°C 34
Exanpl e 3-3 UDL- 3 250°C 28
Exanmpl e 3-4 UDL- 4 250°C 30
Exanpl e 3-5 UDL- 5 250°C 28
Exanple 3-6 UDL- 6 250°C 29
Exanpl e 3-7 UDL- 7 250°C 29
Exanpl e 3-8 UDL- 8 250°C 26
Exanple 3-9 UDL- 9 250°C 31
Exanpl e 3-10 UDL- 10 250°C 29
Exanpl e 3-11 UDL- 11 250°C 30
Exanpl e 3-12 UDL- 12 250°C 27
Exanpl e 3-13 UDL- 13 250°C 24
Exanpl e 3-14 UDL- 14 250°C 23
Exanpl e 3-15 UDL- 15 250°C 27
Conparative Exanple 3-1 | Conparative UDL-4 300°C 57
Compar ative Exanple 3-2 | Conparative UDL-5 350°C 49

90




[0178]

As shown in Table 8, it was observed that the step
in the filmbetween the patterned portion and the non-
patterned portion was small and the planarization
property was better in Exanples 3-1 to 3-15, where the
I nventive conpositions (UDL-1 to -15) for formng a
nmetal -containing filmwere used, than in Conparative
Exanpl e 3-2, where the organic resist underlayer film
material, conparative UDL-5, was used. 1In particular
it was observed that excellent planarizing property was
exhi bited by the conponents containing a conpound havi ng
one of the structures shown by the general fornulae (a-
1) to (a-3) in the term nal crosslinking groups. For
exanpl e, conparing UDL-2, which contained the conpound
(A-2) having hydroxy groups, with UDL-3, which contained
t he compound (A-3) having crosslinking groups having the
structure shown by (a-3), UDL-3 exhibited a better
pl anari zing property. 1In other words, it can be
observed that thermal flowability is inproved and
excel l ent planarizing property is exhibited when one of
the structures shown by the general formulae (a-1) to
(a-3) is included in the term nal crosslinking groups.

Furthermore, UDL-13, which contained a flowability
accelerator (BP-1), and UDL-14, which contained a high-
boi | i ng- poi nt solvent (D-1), showed particularly
excel l ent planarizing property. It can be observed that
the thermal flowability of a conpound for formng a
metal -containing filmcan be inproved further by using
these additives.

Meanwhi | e, in Conparative Exanple 3-1, where
conparative UDL-4 was used, flatness was poor.

[0179]
[ Etchi ng Resistance Eval uation (Exanples 4-1 to 4-15 and
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Conpar ative Exanples 4-1 and 4-2)]

Each of the conpositions (UDL-1 to -15 and
conparative UDL-4 and -5) for form ng a netal -containing
filmthat had good filmformability after the additional
baking in the solvent resistance eval uati on was
respectively applied onto a silicon substrate and heated
by using a hot plate at the tenperature shown in Table 9
for 60 seconds to forma metal -containing film having a
filmthickness of 100 nm and the filmthickness A was
measur ed. Subsequently, etching was perfornmed with CFs
gas, O gas, and Cl, gas under the follow ng conditions
for the specified nunber of seconds by using an etching
appar at us CE- 3001 manufactured by ULVAC, Inc., and the
filmthickness B was neasured. Then, the filmthickness
etched in 1 mnute (“filmthickness A" - “filmthickness
B”) was calculated. Table 9 shows the results.

[ 0180]
Conditions of dry etching with CFs gas

Pressure: 1 Pa

Ant enna RF power: 100 W

Bi as RF power: 15 W

CFs gas flow rate: 15 sccm

Time: 30 sec
[0181]

Conditions of dry etching with & gas

Pressure: 1 Pa

Ant enna RF power: 300 W

Bias RF power: 0 W

O, gas flow rate: 25 sccm

Time: 20 sec
[0182]

Conditions of dry etching with Cl > gas

Pressure: 1 Pa
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Ant enna RF power:
30 W

Bi as RF power:

320 W

Cl> gas flow rate: 25 sccm
Time: 10 sec
[0183]
[ Tabl e 9]
Conposition . Et chi ng Et ching Et ching
: Baki ng . . .
for formng t enper at ur e resistance |resistance |resistance
Exanpl e met al - P (nm m n) (nm m n) (nm m n)
contai ni ng o
film C CF4 G c
Example 4-1 UDL- 1 250°C 31 8 530
Exampl e 4-2 UDL- 2 250°C 29 7 520
Exampl e 4-3 UDL- 3 250°C 28 7 520
Exampl e 4-4 UDL- 4 250°C 28 10 510
Exanpl e 4-5 UDL- 5 250°C 28 7 520
Exanpl e 4-6 UDL- 6 250°C 29 8 520
Exanpl e 4-7 ubL- 7 250°C 27 5 510
Exanpl e 4-8 UDL- 8 250°C 27 5 510
Exanpl e 4-9 UDL- 9 250°C 29 8 520
Exanpl e 4-10 |UDL- 10 250°C 27 5 510
Exampl e 4-11  |UDL- 11 250°C 30 8 530
Exampl e 4-12  |UDL- 12 250°C 31 7 550
Exampl e 4-13  |UDL- 13 250°C 36 12 500
Exampl e 4-14  |UDL- 14 250°C 27 5 510
Exampl e 4-15 |UDL- 15 250°C 30 6 550
Conparative Conpar ative o
Exanple 4-1  |UDL-4 300°C 30 10 105
Conparative Conpar ative o
Exanpl e 4-2 UDL- 5 350°C 65 210 130
[0184]
As shown in Table 9, it was shown that better CF4

etching resistance and O etching resistance were

exhibited in Exanples 4-1 to 4-15, where the inventive

conpositions (UDL-1 to -15) for form ng a netal -

containing filmwere used,

than in Conparative Exanple

4-2, where conparative UDL-5, which is an organic resist

under | ayer
reveal ed that,

resi stance to etching with CFs gas and O, gas,

filmmteri al

conpositions exhi bited excell ent
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In addition,

t he

it was
whil e the conpositions showed excell ent

removability by etching




with Cl> gas. Conparative Exanple 4-1, where
conparative UDL-4 was used, the conposition showed
excel l ent etching resistance.

[ 0185]

[ Patterning Process (Exanples 5-1 to 5-15 and
Conpar ative Exanples 5-1 and 5-2)]

Each of the conpositions (UDL-1 to -15 and
conparative UDL-4 and -5) for form ng a netal -containing
filmthat had favorable filmformability after the
addi ti onal baking in the solvent resistance eval uation
was respectively applied onto an Si O, wafer substrate
having a trench pattern (trench width: 10 um, trench
depth: 0.10 um), and baked at 250°C for 60 seconds in
t he atnosphere to forma metal -containing film having a
t hi ckness of 100 nm A silicon-containing resist mddle
| ayer filmmaterial (SOG 1) was applied thereto,
foll owed by baking at 220°C for 60 seconds to forma
resist mddle layer filmhaving a thickness of 35 nm A
nmonol ayer resist for ArF as a resist upper layer film
materi al was applied thereto, foll owed by baking at
105°C for 60 seconds to forma photoresist filmhaving a
t hi ckness of 100 nm A liquid i mersion top coat
conposition (TC-1) was applied to a photoresist film
foll owed by baking at 90°C for 60 seconds to forma top
coat having a thickness of 50 nm
[ 0186]

The silicon-containing resist mddle |ayer film
material (SOG 1) was prepared by dissolving a pol yner
represented by an ArF silicon-containing mddle |ayer
filmpolymer (SiPl) and a thermal crosslinking catalyst
(CAT1) in an organic solvent containing 0.1 mass% of FC-
4430 (manufactured by Sumtonmo 3M Limted) in the
proportion shown in Table 10; and filtering the solution
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through a filter

size of 0.1 um.

made of a fluororesin and having a pore

[ 0187]
[ Tabl e 10]

Pol yner Ther mal Organi ¢ sol vent

crosslinking
cat al yst
(parts (parts by (parts by mass)
by mass)

nmass)
SOG 1 Si P1 CAT1 Propyl ene gl yco

(100) (1) nmonoet hyl et her

(4, 000)
[ 0188]
The polymer (SiPl) and the thermal crosslinking

catal yst (CAT1l) used in the silicon-containing resist

m ddl e | ayer

{%——smzyz

[0189]

20

The resi st

filmmteri al

OHs
‘E—Sio:yg
20

SiP1
Mw3,400

upper | ayer

(SOG- 1) are shown bel ow.

L

R e

-
S0, ] —_
30

CAT1

filmmterial (nonolaye

resist for ArF) was prepared by dissolving a polyner

(RP1), an acid generator

(Am nel),

( PAGL) ,

cr

r

and a basic conpound

each in the proportion shown in Table 11,

solvent containing 0.1% by mass of a surfactant (FC-
4430: manufactured by Sum tonmo 3M Limted), and

in

a

filtering the solution through a 0.l1l-um filter made of a

fl uororesin.
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[ 0190]

[ Tabl e 11]
Aci d Basi c
(PZ:¥SBL generator | conpound (Sgirgné
pnass) Y| (parts by | (parts by pnass) y
Mass) nass)
Nﬁzg;iier RP1 PAGL Ami nel PGVEA
for ArF (100) (6.6) (0.8) (2, 500)
[0191]

The polymer (RP1),

t he acid generator (PAGl),

and

t he basi c conmpound (Am nel) used for the resist upper

| ayer film materi al

bel ow.

(ronol ayer resist for ArF) are shown

7\

=

PAGI

RP1

Mw7,800

§* CFiCF,CF,CF,80;4

\;f(:ii]

i
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[0192]

The liquid imrersion top coat conposition (TC-1)
was prepared by dissolving a top coat polynmer (PPl) in
an organic solvent at the proportion shown in Table 12,
and filtering the solution through a 0.l1-um filter made

of a fluororesin.

[ 0193]
[ Tabl e 12]
Top coat Organi ¢ sol vent
pol ymer (parts by nmmss)
(parts by nmass)
TC-1 PP1 Di i soanyl ether (2,700)
(100) 2- et hyl - 1- but anol (270)
[ 0194]

The top coat polymer (PPl) used for the liquid

i mmersion top coat conposition (TC-1) is shown bel ow

PP1
Mwg,800

[ 0195]
Then, the substrate was exposed to light with an

ArF liquid i mrersion exposure apparatus (NSR-S610C
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manufactured by Nikon Corporation, NA: 1.30, o:
0.98/0.65, 35° s-polarized dipole illumnation, 6%
hal ft one phase shift mask), baked at 100°C for 60
seconds (PEB), and developed with a 2.38 % by nass of
t et ramet hyl ammoni um hydr oxi de ( TMAH) aqueous sol ution
for 30 seconds, thereby obtaining a 55 nm 1:1 positive
| i ne-and-space pattern (a resist pattern).

[ 0196]

Subsequently, the resist mddle |layer film was
etched by dry etching while using the resist pattern as
a mask to forma hard mask pattern. A netal -containing
filmwas then etched while using the obtained hard mask
pattern as a mask to forma netal-containing film
pattern, and the SiO; filmwas etched while using the
obt ai ned nmetal -containing filmpattern as a mask. The
etching conditions were as foll ows.

[0197]

Conditions in transferring resist pattern to resist
m ddl e | ayer film

Conditions of dry etching with CFs gas

Pressure: 1 Pa

Ant enna RF power: 100 W

Bi as RF power: 15 W

CFs gas flow rate: 15 sccm

Time: 60 sec
[ 0198]

Conditions in transferring hard mask pattern to netal -
containing film
Conditions of dry etching with Cl 2 gas

Pressure: 1 Pa

Ant enna RF power: 320 W

Bi as RF power: 30 W

Cl, gas flow rate: 25 sccm
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Time (Exanple 5-1 to Exanple 5-15): 15 sec

Time (Conparative Exanple 5-1 and Conparative
Exanple 5-2): 60 sec
[ 0199]
Conditions in transferring metal-containing film pattern
to SIG film
Conditions of dry etching with CFs gas

Pressure: 1 Pa

Antenna RF power: 100 W

Bi as RF power: 15 W

CFs gas flow rate: 15 sccm

Time: 100 sec
[ 0200]

Tabl e 13 shows the results obtained by observation
of the pattern cross section with an electron m croscope
(S-4700) manufactured by Hitachi, Ltd.

[ 0201]
[ Tabl e 13]
Corrp_c)S|t|onf0r Pattern profile after etching
Exanpl e form'ng'meta!- for transferring to substrate
containing film

Exanmpl e 5-1 UDL- 1 Vertical profile
Exampl e 5-2 UDL- 2 Vertical profile
Exampl e 5-3 ubDL- 3 Vertical profile
Exampl e 5-4 UDL- 4 Vertical profile
Exampl e 5-5 UDL- 5 Vertical profile
Exampl e 5-6 UDL- 6 Vertical profile
Exampl e 5-7 ubDL- 7 Vertical profile
Exanmpl e 5-8 UDL- 8 Vertical profile
Exanmpl e 5-9 UDL- 9 Vertical profile
Exampl e 5-10 UDL- 10 Vertical profile
Exampl e 5-11 ubDL- 11 Vertical profile
Exampl e 5-12 UbDL- 12 Vertical profile
Exampl e 5-13 UDL- 13 Vertical profile
Exampl e 5-14 UDL- 14 Vertical profile
Exampl e 5-15 UDL- 15 Vertical profile
Eggﬁg{:thi SBEPZrat'Ve Pattern col |l apse
(E:ggprrglr :t '5\/; SODE‘_)? ative Distorted pattern
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[ 0202]

As shown in Table 13, in Exanples 5-1 to 5-15,
where the inventive conpositions (UDL-1 to -15) for
formng a netal-containing filmwere used, the resist
upper |ayer filmpattern was successfully transferred to
the substrate in the end in every case. Thus, it was
confirmed that the inventive conposition for formng a
nmetal -containing filmcan be used suitably for fine
processing using a nultilayer resist nethod. On the
ot her hand, in Conparative Exanple 5-1, where
conparative UDL-4, in which the performance in the
filling property evaluation and the planarizing property
eval uati on was found to be insufficient, was used,
pattern coll apse occurred during patterning, and it was
not possible to obtain a favorable pattern in the end.
Meanwhi |l e, in Conparative Exanple 5-2, where conparative
UDL-5, in which there were no problenms in the filling
property and planari zing property eval uati ons but
I nsufficient performnce was observed in the dry etching
resi stance eval uation, was used, distortion of the
pattern profile occurred at the tine of pattern
processing, and it was not possible to obtain a
favorabl e pattern in the end.

[ 0203]
[ Eval uation of El ectron Beam Exposure]

Each of UDL-8 and conparative UDL-2 was
respectively applied onto a silicon wafer substrate as
t he conposition for formng a nmetal -containing film and
baked at 100°C for 60 seconds to form a netal -containing
filmwth a thickness of 40 nm

Subsequently, drawing in a vacuum chanber was
perfornmed by using ELS-F125 (manufactured by Elionix
Inc.) at an accel eration voltage of 125 kV while
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altering the exposure dose. Then, imediately after
drawi ng, baking (PEB) was performed at 100°C for 60
seconds, and paddl e devel opnment was perfornmed with 2-
hept anone for 30 seconds to obtain a contrast curve of a
negative resist. FIG 5 shows the results.

In the case of UDL-8, where the inventive
conposition for formng a netal-containing film was used,
it was observed that solubility in the devel oper
decreased as the exposure dose increased. On the other
hand, in the case of conparative UDL-2, the film was not
sufficiently insolubilized by the increase in exposure
dose.

[ 0204]

From t he above, the inventive conpound for formng
a metal-containing filmis an organotin conpound having
both high thermal flowability and high thernpsetting
property, so that a conposition for form ng a netal -
containing filmcontaining the conmpound can provide a
resi st underlayer filmmaterial having better dry
et ching resistance than conventional resist underl ayer
filmmterials and also having high filling and
pl anari zing properties. Therefore, such a conposition
is extremely useful as a resist underlayer filmmateri al
used in a nmultilayer resist nethod and an inverting
agent used in a tone-reversal etching nethod. Moreover,
it was reveal ed that, since the conposition had
excellent curability, it was possible to provide a
met al -containing resist material having high sensitivity
and high resolution in EUV and el ectron beam | ithography
when t he above-descri bed conpound is used in a resist
mat eri al .

[ 0205]
The present description includes the follow ng
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enmbodi nent s.

[1]: A conpound for formng a nmetal-containing filmto
be contained in a conposition for formng a netal -
containing filmused in manufacturing a sem conduct or,
wherein the conpound for formng a nmetal -containing film
I's represented by the follow ng general formula (M1) or
(M2),

To Ty
T1—S|n_T3 T»]_Sln_Q
Q Q

(M-1) (M-2)

wherein Ti, T2, and T3 represent the foll owi ng general
formula (1) and are identical to or different fromone
anot her; and Q represents a substituted or unsubstituted
al kyl group having 1 to 20 carbon atonms, a substituted
or unsubstituted cycl oal kyl group having 3 to 20 carbon
atonms, 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 atons, a substituted or unsubstituted aryl al kyl
group having 7 to 31 carbon atonms, or a conbi nation of
t hese groups,

0 @
*—o)]\x wy D

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 atonms, a saturated
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trival ent organic group having 1 to 20 carbon atons, or
an unsaturated trivalent organic group having 2 to 20
carbon atonms; Wrepresents the follow ng general fornula
(1A); “p” represents 1 or 2; and “*” represents an
attachnent point to an Sn atom

W= *_Y_QRA)h (1A)

wherein Y represents a saturated dival ent organic group
having 1 to 20 carbon atons 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 attachnment

poi nt,
O *x *x
*)J\( (\OW \60 q %
Ry qR1 i
(a-1) (a-2) (a-3)

wherein R represents a hydrogen atom or a npnoval ent
organic group having 1 to 10 carbon atons; “Qq”
represents 0 or 1; and “*” represents an attachnment
point to Y.

[2]: The compound for form ng a netal-containing film of
t he above [1], wherein the Win the general fornmula (1)
has a structure represented by the foll ow ng genera
formula (1B),
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*/(O\/‘IO'RM *—Z—fL)— | J (1B)

u FQA2)
t
wherein RAl represents a structure represented by the
general formula (a-1); RA represents a hydroxy group or
one of the structures represented by the genera
formulae (a-2) and (a-3); Z represents an oxygen atom or
a secondary amne; 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 O 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 attachnment
poi nt .
[3]: The compound for form ng a netal-containing film of
t he above [1] or [2], wherein the X in the general
formula (1) represents an unsaturated hydrocarbon having
2 to 20 carbon atons.
[4]: The conpound for form ng a nmetal-containing film of
any one of the above [1] to [3], represented by the
foll ow ng general fornula (2),

W_ O O W
o o
R N0 0 ZRa (2)
Rb Sn Rb
7N
Q" Qq

wherein Rt and RP represent a hydrogen atomor a

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

[5]: The compound for form ng a netal-containing film of
any one of the above [1] to [4], wherein the conpound
for forming a metal-containing film satisfies 1.00 <
Mw/Mn < 1.30, where Mw is a weight-average molecular

wei ght and Mh is a nunber-average nol ecul ar wei ght
measured by gel perneation chromatography in ternms of

pol ystyrene.

[6]: A conposition for formng a netal-containing film

t he conmposition functioning as a resist underlayer film
material and/or a resist material used in manufacturing
a sem conductor, the conposition conprising: (A) the
conpound for formng a netal-containing film of any one
of the above [1] to [5]; and (B) an organic sol vent.

[7]: The conposition for form ng a nmetal -containing film
of the above [6], wherein the conposition for formng a
metal -containing filmis usable as a resist underl ayer
filmused in a nultilayer resist nmethod, the conposition
further conprising one or nore of (C) a crosslinking
agent, (D) a high-boiling-point solvent, (E) a
surfactant, and (F) a flowability accel erator.

[8]: The conposition for formng a nmetal-containing film
of the above [7], wherein the high-boiling-point solvent
(D) is one or nore kinds of organic solvent having a
boi l i ng point of 180°C or higher.

[9]: The conposition for formng a nmetal-containing film
of any one of the above [6] to [8], further conprising
(G netal oxide nanoparticles having an average primary
particle size of 100 nm or | ess.

[10]: The conposition for formng a netal -contai ni ng
filmof the above [9], wherein the netal oxide
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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 nanoparticl es.
[11]: 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 filmof any one of the above [6] toO
[10] 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 material;

(1-3) 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

(1-4) transferring the pattern to the netal -
containing filmby dry etching while using the resi st
upper layer filmhaving the formed pattern as a nmask
and

(1-5) processing the substrate to be processed
whil e using the netal-containing film having the formed
pattern as a mask to formthe pattern in the substrate
to be processed.
[12]: A patterning process for formng a pattern in a
substrate to be processed, conprising the steps of:

(1'1-1) applying the conmposition for formng a
nmetal -containing filmof any one of the above [6] toO
[10] 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 film by using a photoresi st
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mat eri al ;

(I'l-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'l-5) transferring the pattern to the resist
m ddl e | ayer filmby dry etching while using the resist
upper layer filmhaving the formed pattern as a nmask

(I'1-6) transferring the pattern to the netal -
containing filmby dry etching while using the resist
m ddl e | ayer film having the transferred pattern as a
mask; and

(1'l1-7) processing the substrate to be processed
whil e using the netal-containing film having the formed
pattern as a mask to formthe pattern in the substrate
to be processed.

[13]: 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 filmof any one of the above [6] toO
[10] 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

(1'11-4) formng a resist upper layer filmon the
organic thin filmby 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

(1'1'1-6) transferring the pattern to the organic
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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;

(I'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.

[14] : The patterning process of the above [13], wherein
the inorganic hard mask m ddle layer filmis forned by a
CVD net hod or an ALD net hod.

[15]: 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 filmof any one of the above [6] toO
[10] 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 film having 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
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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.

[16]: 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
substrate to be processed;

(V-2) formng a resist mddle |layer filmor a
conmbi nati on of an inorganic hard mask m ddl e [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 film and the organic
thin filmby using a photoresist materi al;

(V-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

(V-5) transferring the pattern to the resist
m ddl e layer filmor the organic thin filmand the
i norgani ¢ hard mask m ddle layer filmby 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 mask m ddl e
| ayer film having the transferred pattern as a mask;

(V-7) applying the conposition for formng a
nmetal -containing filmof any one of the above [6] toO

[ 10] onto the resist underlayer film having the forned
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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
the formed pattern;

(V-9) renoving the resist mddle [ayer 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 film 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.

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

appl ying the conposition for formng a netal -
containing filmof any one of the above [6] to [10] 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.

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

[19]: The patterning process of the above [18], wherein
t he devel oper is one or nore organic solvents sel ected
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from 2-oct anone, 2-nonanone, 2-heptanone, 3-heptanone,
4- hept anone, 2-hexanone, 3-hexanone, diisobutyl ketone,
met hyl cycl ohexanone, acetophenone, nethyl acet ophenone,
propyl acetate, butyl acetate, isobutyl acetate, pentyl
acetate, butenyl acetate, isopentyl acetate, propyl
formate, butyl formate, isobutyl formate, pentyl fornate,
i sopentyl formate, nmethyl valerate, nethyl pentenoate,
met hyl crotonate, ethyl crotonate, nmethyl |actate, ethyl
| actate, propyl lactate, butyl |actate, isobutyl |actate,
pentyl |actate, isopentyl |actate, nethyl 2-
hydr oxyi sobutyrate, ethyl 2-hydroxyisobutyrate, nmethyl
benzoate, ethyl benzoate, phenyl acetate, benzyl acetate,
met hyl phenyl acet ate, benzyl formate, phenyl et hyl
format e, nmethyl 3-phenyl propionate, benzyl propionate,
et hyl phenyl acetate, and 2-phenyl et hyl acetate.
[20]: The patterning process of any one of the above
[17] to [19], wherein an extrenme ultraviolet ray having
a wavel ength of 3 to 15 nmis used as the high-energy
beam
[21]: The patterning process of any one of the above
[17] to [19], wherein an el ectron beam having an
acceleration voltage of 1 to 250 kV is used as the high-
ener gy beam
[22] : A sem conductor photoresist material, wherein the
sem conductor photoresist material is the conposition
for formng a netal-containing filmof any one of the
above [6] to [10] further conmprising (H) a photo-acid
gener at or.
[ 0206]

It should be noted that the present invention is
not limted to the above-described enbodi ments. The
enbodi mrents are just exanples, and any exanples that

have substantially the same feature and denonstrate the
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same functions and effects as those in the technica
concept disclosed in claims of the present invention are

included in the technical scope of the present invention.
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CLAI M5

[Claim1]

A conpound for formng a nmetal-containing filmto
be contained in a conposition for formng a netal -
containing filmused in manufacturing a sem conduct or,
wherein the conpound for formng a nmetal -containing film
is represented by the follow ng general formula (M1) or
(M2),

T5 T>
T1_S|n_T3 T1_S|n_Q
Q Q

(M-1) (M-2)

wherein Ti, T2, and T3 represent the foll ow ng general
formula (1) and are identical to or different fromone
anot her; and Q represents a substituted or unsubstituted
al kyl group having 1 to 20 carbon atons, 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 atons, or a conbination of
t hese groups,

0 (/?L
*—o)Lx wy D

wherein X represents a saturated dival ent organic group
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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_QRA)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 heteroaton 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 attachnment

poi nt,
O * *
*’ﬂ\759 T}o/ffoﬁ ﬁf}o qgtf
R qR1 R
(a-1) (a-2) (a-3)

wherein Ry represents a hydrogen atom or a nonoval ent
organi c group having 1 to 10 carbon atonms; “q”
represents 0 or 1; and “*” represents an attachnent
point to Y.

[ Claim 2]

The conmpound for form ng a metal -containing film
according to claim 11, wherein the Win the general
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formula (1) has a structure represented by the foll ow ng
general formula (1B),

R, )S

*/(O\/IO’RM *—Z—H—qm* j (1B)

u RA2)

t
wherein RAlL represents a structure represented by the
general formula (a-1); RA2 represents a hydroxy group or
one of the structures represented by the genera
formulae (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
atoms 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 attachnment
poi nt .

[ Claim 3]

The compound for form ng a metal -containing film
according to claim11 or 2, wherein the X in the general
formula (1) represents an unsaturated hydrocarbon havi ng
2 to 20 carbon atons.

[ Cl ai mA4]

The conmpound for form ng a nmetal -containing film
according to any one of clains 1 to 3, represented by
the follow ng general formula (2),
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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 conmpound for form ng a nmetal -containing film
according to any one of clains 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]

A conposition for form ng a netal-containing film
the conposition functioning as a resist underlayer film
material and/or a resist material used in manufacturing
a sem conductor, the conposition conprising: (A) the
conpound for formng a netal-containing film according
to any one of clainms 1 to 5; and (B) an organic sol vent.

[Claim 7]
The conposition for form ng a netal-containing
filmaccording to claim®6, wherein the conposition for

formng a netal-containing filmis usable as a resist
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underl ayer filmused in a nmultilayer resist method, the
conposition further conprising one or nore of (C) a
crosslinking agent, (D) a high-boiling-point solvent,

(E) a surfactant, and (F) a flowability accelerator.

[ Cl ai m 8]

The conposition for form ng a netal-containing
filmaccording to claim?7, wherein the high-boiling-
poi nt solvent (D) is one or nore kinds of organic
sol vent having a boiling point of 180°C or higher.

[ Claim9]

The conposition for form ng a netal-containing
filmaccording to any one of claims 6 to 8, further
conprising (G netal oxide nanoparticles having an

average primary particle size of 100 nm or | ess.

[ Claim10]

The conposition for form ng a metal-containing
filmaccording to claim9, wherein the netal 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 nanoparti cl es.

[Claim11]
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
nmet al -containing filmaccording to any one of clains 6
to 10 onto a substrate to be processed, foll owed by
heating to forma netal-containing film

(1-2) formng a resist upper layer filmon the

117



metal -containing filmby using a photoresist materi al;

(1-3) 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

(1-4) transferring the pattern to the netal -
containing filmby dry etching while using the resist
upper layer filmhaving the formed pattern as a nmask
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.

[Claim 12]

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

(1'1-1) applying the conmposition for formng a
nmetal -containing filmaccording to any one of clains 6
to 10 onto a substrate to be processed, followed by
heating to forma netal-containing film

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

(1'1-3) formng a resist upper layer filmon the
resist mddle layer film by using a photoresi st
mat eri al ;

(I'l-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'l-5) transferring the pattern to the resist
m ddl e | ayer filmby dry etching while using the resist
upper layer filmhaving the formed pattern as a nmask

(I'l-6) transferring the pattern to the netal -

containing filmby dry etching while using the resist
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m ddl e | ayer film having the transferred pattern as a
mask; and

(1'1-7) 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.

[Claim 13]

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
nmetal -containing filmaccording to any one of clains 6
to 10 onto a substrate to be processed, foll owed by
heating to forma netal-containing film

(1'11-2) formng an inorganic hard mask 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

(1'1'1-4) formng a resist upper layer filmon the
organic thin film by using a photoresist material;

(I'l'1-5) 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

(1'1'1-6) 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;

(111-7) 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
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(I''1-8) processing the substrate to be processed
whil e using the netal-containing film having the formed
pattern as a mask to formthe pattern in the substrate
to be processed.

[ Cl ai m 14]

The patterning process according to claim 13
wherein the inorganic hard mask mddle layer filmis
formed by a CVD nethod or an ALD net hod.

[Cl aim15]

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 conmposition for formng a
nmetal -containing filmaccording to any one of clains 6
to 10 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 material;

(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 layer filmhaving the formed pattern as a nmask

(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
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pattern as a mask to formthe pattern in the substrate
to be processed.

[Cl aim16]

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
substrate to be processed;

(V-2) formng a resist mddle |layer filmor a
conmbi nation of an inorganic hard mask m ddl e layer 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 film and the organic
thin filmby using a photoresist materi al;

(V-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

(V-5) transferring the pattern to the resist
m ddl e layer 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 resi st
m ddl e | ayer filmor the inorganic hard mask m ddl e
| ayer film having the transferred pattern as a mask;

(V-7) applying the conposition for formng a
nmetal -containing filmaccording to any one of clains 6
to 10 onto the resist underlayer film having the formed

pattern, followed by heating to cover the resist
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underl ayer 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 chem cal stripper or dry etching to expose
an upper surface of the resist underlayer film having
the formed pattern;

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

(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 film and

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

[Claim 17]
A patterning process conmprising the steps of:
applying the conposition for formng a netal -
containing filmaccording to any one of clains 6 to 10

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.
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[Cl aim 18]
The patterning process according to claim 17,

wherei n an organi c solvent is used as the devel oper.

[Claim 19]

The patterning process according to claim 18
wherein the devel oper is one or nore organic solvents
sel ected from 2-octanone, 2-nonanone, 2-heptanone, 3-
hept anone, 4-heptanone, 2-hexanone, 3-hexanone,
di i sobutyl ketone, nethylcycl ohexanone, acetophenone,
nmet hyl acet ophenone, propyl acetate, butyl acetate,
i sobutyl acetate, pentyl acetate, butenyl acetate,
i sopentyl acetate, propyl formate, butyl fornmate,
I sobutyl formate, pentyl formate, isopentyl formate,
met hyl val erate, nethyl pentenoate, nethyl crotonate,
et hyl crotonate, nmethyl |actate, ethyl lactate, propyl
| actate, butyl |actate, isobutyl l|lactate, pentyl |actate,
i sopentyl lactate, nmethyl 2-hydroxyi sobutyrate, 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 acet at e.

[ Cl ai m 20]

The patterning process according to any one of
claims 17 to 19, wherein an extreme ultraviolet ray
havi ng a wavel ength of 3 to 15 nmis used as the high-
energy beam

[Claim 21]

The patterning process according to any one of

claims 17 to 19, wherein an el ectron beam having an
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acceleration voltage of 1 to 250 kV is used as the high-

ener gy beam

[ Cl aim22]

A sem conductor photoresist material, wherein the
sem conductor photoresist material is the conposition
for formng a nmetal-containing filmaccording to any one
of clainms 6 to 10 further conmprising (H) a photo-acid

gener at or.
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