DESCRI PTI ON

TITLE G- | NVENTI O COMPGSI TI ON FOR FORM NG RESI ST
UNDERLAYER FI LM PATTERNI NG PROCESS, AND METHOD FOR
FORM NG RESI ST UNDERLAYER FI LM

TECHNI CAL FI ELD
[ 0001]

The present invention relates to: a conposition
for formng a resist underlayer filmthat can be used
for fine patterning by way of a nultilayer resist nethod
in a sem conductor device manufacturing process; a
patterni ng process using the conposition; and a net hod

for formng a resist underlayer film

BACKGROUND ART
[ 0002]

Along with high integration and hi gh processing
speed of LSI, mniaturization of pattern size is rapidly
advancing. Along with the mniaturization, |ithography
t echnol ogy has achieved a fine patterning by shortening
wavel ength of a |ight source and sel ecting an
appropriate resi st conposition accordingly. The
conposition mainly used is a positive photoresist
conposition for nonolayer. The nonol ayer positive
phot oresi st conposition not only allows a resist resin
to have a skel eton having etching resistance agai nst dry
etching with chlorine- or fluorine-based gas plasm, but
al so provides a switching nechani smthat makes an
exposed part soluble, thereby dissolving the exposed
part to forma pattern and processing a substrate to be
processed by dry etching while using the remaining

resist pattern as an etching mask.



[ 0003]

However, when the pattern beconmes finer, that is,
the pattern width is reduced wi thout changing the
t hi ckness of the photoresist filmto be used, resolution
performance of the photoresist filmis |owered. In
addi tion, pattern devel opment of the photoresist film
with a devel oper excessively increases a so-called
aspect ratio of the pattern, resulting in pattern
col | apse. Therefore, the photoresist film has been
thinned along with the mniaturization of the pattern.
[ 0004]

On the other hand, a substrate to be processed has
been generally processed by dry etching while using a
pattern-formed photoresist filmas an etching mask. 1In
practice, however, there is no dry etching nethod
capabl e of providing an absolute etching selectivity
bet ween the photoresist filmand the substrate to be
processed. The photoresist filmis thus al so damged
and col | apses during processing of the substrate, and
the resist pattern cannot be accurately transferred to
t he substrate to be processed. Accordingly, higher dry
etching resistance has been required in a resi st
conposition along with the mniaturization of the
pattern. However, on the other hand, a resin used for
t he photoresist conposition needs to have |low |ight
absorption at exposure wavel ength in order to inprove
the resolution. For this reason, the resin has shifted
to a novol ak resin, polyhydroxystyrene, and a resin
having an aliphatic polycyclic skeleton as the exposure
l'ight shifted fromi-line to KrF and ArF, which have
shorter wavel ength. However, this shift has actually
accelerated an etching rate under dry etching conditions

for processing the substrate, and recent photoresi st



conmposi tions having high resolution rather tend to have
| ow et ching resistance.
[ 0005]

As a result, the substrate to be processed has to
be dry etched with a thinner photoresist film having
| ower etching resistance. Therefore, a demand for
finding a conposition used in this processing and the
process therefor has become urgent.
[ 0006]

A multilayer resist method is one of the sol utions
for the above problems. This nmethod is as follows: a
resi st underlayer filmhaving a different etching
selectivity froma photoresist film¢(i.e., a resist
upper layer film is placed between the resist upper
| ayer filmand a substrate to be processed; a pattern is
formed in the resist upper layer film the pattern is
transferred to the resist underlayer filmby dry etching
whil e using the resist upper layer filmpattern as a dry
etching mask; and the pattern is further transferred to
the substrate to be processed by dry etching while using
the resist underlayer filmas a dry etching nmask.
[ 0007]

One of the nmultilayer resist methods is a three-
| ayer resist nmethod, which can be perforned with a
typical resist conposition used in the nonol ayer resist
met hod. For exanple, this three-layer resist method
i ncludes the follow ng steps: an organic film containing
a novolak resin or the like is fornmed as a resi st
underl ayer filmon a substrate to be processed; a
silicon-containing resist mddle layer filmis forned
thereon as a resist mddle |layer film and a usua
organi c photoresist filmis formed thereon as a resist

upper layer film Since the organic resist upper |ayer



filmensures an excellent etching selectivity ratio
relative to the silicon-containing resist mddle |ayer
filmwhen dry etching is performed with fluorine-based
gas plasma, the resist upper layer filmpattern can be
transferred to the silicon-containing resist mddle
| ayer film by dry etching with fluorine-based gas pl asma.
This method allows the pattern to be transferred to the
silicon-containing resist mddle layer film (resist
m ddl e |l ayer film even by using a resist conposition
with which it is difficult to forma pattern having a
sufficient filmthickness for directly processing the
substrate to be processed or a resist conmposition that
has insufficient dry etching resistance for processing
t he substrate. Then, further perform ng dry etching
with oxygen gas plasma or hydrogen gas plasma all ows the
pattern to be transferred to the organic film (resist
underl ayer film containing a novolak resin or the |ike,
whi ch has a sufficient dry etching resistance for
processing the substrate. As to the resist underl ayer
film many materials are already known as disclosed in
Pat ent Docunent 1.
[ 0008]

On the other hand, in recent years, with the rapid
m ni aturi zation of DRAM nenory, there is a grow ng need
for further inprovenment in dry etching resistance, as
well as a need for a resist underlayer film having
excellent filling and planarizing properties. As a
coating-type resist underlayer film conposition
excellent in filling and planarizing properties, for
exanpl e, the conposition disclosed in Patent Document 2
has been reported. However, in view of application of
this conposition in the advanced generation, there is a

concern about dry etching resistance. The application



limt of the previously-known coating-type resist
underl ayer film conpositions is thus approaching.
[ 0009]

To sol ve the above probl ens, Patent Docunent 3
reports that etching resistance at the time of substrate
processi ng can be inproved by heating a resist
underlayer filmin an atnosphere having an oxygen
concentration of 1% by volume or |less at a tenperature
exceedi ng 450°C and 800°C or | ower. However, many of
the resist underlayer film used in the Exanples contain
a resin or a conpound contai ning hydroxy groups or
propar gyl groups. Therefore, the resist underlayer
films are thought to be unfavorable fromthe viewpoint
of etching resistance, since oxygen atons remain in the
films.

Cl TATION LI ST

PATENT LI TERATURE

[ 0010]

Pat ent Docunment 1: JP2004- 205685A
Pat ent Docunment 2: JP6714493B2
Pat ent Docunent 3: JP6711104B2

SUMVARY OF | NVENTI ON
TECHNI CAL PROBLEM
[0011]

The present invention has been nade in view of the
above-descri bed circunstances. An object of the present
invention is to provide: a conposition for formng a
resi st underlayer filmthat exhibits nmuch better dry
et ching resistance than conventional resist underl ayer
filmmterials; a patterning process in which the

conposition is used as a resist underlayer film



material; and a nmethod for formng a resist underl ayer
film

SOLUTI ON TO PROBLEM
[0012]

To achieve the object, the present invention
provi des a conposition for formng a resist underl ayer
film conmprising: (A) a polynmer having a structure
represented by the follow ng general fornula (1A); (B) a
crosslinking agent represented by the foll owi ng general
formula (B-1); and (C) an organic solvent, wherein the
pol ymer (A) contains no hydroxy groups and the
crosslinking agent (B) is contained in an amount of 5 to
50 parts by mass relative to 100 parts by mass of the
pol ymer (A),

(1A)

wherein Ry represents a hydrogen atom a hal ogen atom
or a linear, branched, or cyclic hydrocarbon group

having 1 to 20 carbon atons,

R,O
Wy

X — LW (B-1)

wherein W and W each independently represent a benzene
ring or a naphthal ene ring optionally having a
substituent, each R independently represents a hydrogen

atom or a nonoval ent organic group having 1 to 20 carbon



atonms, and X represents a group represented by one of
the follow ng formulae (2),

o e OO Ao == @

wherein “*” represents an attachnent point.
[ 0013]

Such a conposition for form ng a resist underl ayer

filmincludes a conbination of a polyner having a
structure represented by the general fornula (1A) and a
crosslinking agent represented by the general formula
(B-1), and the conposition contains no polynmers
contai ning a hydroxy group. Therefore, by thernosetting,
t he conposition can forma high-carbon film having
excell ent etching resistance at the tinme of substrate
processi ng.
[ 0014]

The conposition preferably further conprises a
pol ymer having partial structures represented by the
foll ow ng general fornulae (1B),

(1B)

X
v AN
, //(;\ /25\
R 2 RS R4

wherein R 2, Rs, and Rs each independently represent a
hydrogen atom a hal ogen atom or a linear, branched, or
cyclic hydrocarbon group having 1 to 20 carbon atons.

[ 0015]

When t he conposition further contains a polynmer
havi ng partial structures represented by the genera
formul ae (1B), thermal flowability is inmproved, and it
is possible to provide a conposition for formng a

resi st underlayer filmexcellent for filling and



pl anarizing a stepped substrate.
[ 0016]
The polymer (A) preferably has structures

represented by the foll ow ng general fornulae (10,

7
[ 2 b N (1C)
1

wherein “a”, “b”, and “c¢” satisfy a+b+c =1, 0.5 £ a <
0.9, and 0.1 £ b+c £ 0.5.
[0017]

A conposition for form ng a resist underlayer film
where the polynmer (A) has structures represented by the
general fornulae (1C) can achieve high I evels of both
etching resistance during substrate processi ng and
filling and planarizing properties regardi ng stepped
substr at es.

[ 0018]

The polymer (A) preferably has a wei ght-average
nmol ecul ar wei ght Mwv of 500 to 5,000 as neasured by gel
pernmeati on chromat ography in terns of polystyrene.

[ 0019]

When the polymer (A) has the above-described
wei ght - aver age nol ecul ar wei ght Mw, the conposition for
formng a resist underlayer film has excellent thernal
flowability. Therefore, when the conposition is
contained in a resist underlayer filmmterial, not only
Is it possible to fill favorably fine structures forned
on a substrate, it is also possible to forma resi st
underl ayer filmthat can achieve flatness in the entire
substrate. It is also possible to provide a resist
underl ayer filmthat produces little sublimtion product

duri ng baki ng.



[ 0020]

The crosslinking agent (B) preferably satisfies
1.00 £ Mw/Mn £ 1.25, where Mw 1s a weight-average
nol ecul ar wei ght and Mh is a nunber-average nol ecul ar
wei ght neasured by gel perneation chromatography in
terms of polystyrene.

[ 0021]

When the crosslinking agent (B) has the above-
descri bed nol ecul ar wei ght dispersity, the conposition
for formng a resist underlayer film has excellent
thermal flowability. Therefore, when the conposition is
contained in a resist underlayer filmmterial, not only
is it possible to fill favorably fine structures forned
on a substrate, it is also possible to forma resi st
underl ayer filmthat can achieve flatness in the entire
substrat e.

[ 0022]

The conposition preferably conprises (D) a
flowability accel erator having a wei ght reduction rate
of less than 30% at 30°C to 190°C and a wei ght reduction
rate of 98% or nore at 30°C to 350°C,

[ 0023]

The flowability accelerator (D) contributes to the
enhancenent of flowability when applying the conposition,
and since the flowability accelerator is elimnated from
the filmafter baking at 350°C, filling and pl anari zi ng
properties can be inmproved without dry etching
resi stance being degraded. In addition, the flowability
accel erator can al so suppress the generation of defects
I nduced by dryness, and can also contribute to the
i nprovenent of yield in sem conductor production.

[ 0024]
In this event, the flowability accel erator (D)



preferably contains one or nore conpounds selected from

the follow ng general formulae (i) to (iii),

W2_ ,QVV1 9/“F A
( R1j;ﬁzz:j// 0 ™0 rn1\\ﬂ::;3{_R1lﬂ (i)

wherein each R! independently represents a hydrogen atom
a hydroxy group, or an optionally substituted organic
group having 1 to 10 carbon atons; W represents a

phenyl ene group, or a divalent group represented by the
foll ow ng general fornula (i-1); W and W each

i ndependently represent a single bond or a dival ent

group represented by one of the followi ng fornmulae (i-
2); “m” represents an integer of 1 to 10; and “n?”
represents an integer of 0 to 5,

R[5
* wio—Lé ¢ *

R'H R13
10 1

m m

wherein “*” represents an attachnment point; R0, Rl R12
and R13 each independently represent a hydrogen atom a
hydr oxy group, or an organic group having 1 to 10 carbon
atoms; WO and W! each i ndependently represent a single
bond or a carbonyl group; and “m9% and “ml” represent
an integer of 0 to 10, provided that mo+ml > 1,

O

* Nk *,/u\\* (i—2)

wherein “*” represents an attachnent point,
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W> w4
(Rz%\ \60’ \}OH (i1)
n3| = m?

wherein each R?2 i ndependently represents a hydrogen atom
or an optionally substituted organic group having 1 to
10 carbon atoms; W represents a dival ent group
represented by the follow ng general fornmula (ii-1); W
represents a single bond or a divalent group represented
by one of the following fornmulae (ii-2); “nm” represents
an integer of 2 to 10; and “n3” represents an integer of
0 to 5,

RQO R22
* | x

(; (|3 (ii—1)
PAS
m20 21

m

wherein “*” represents an attachnment point; R0, R2l R22
and R23 each independently represent a hydrogen atom a
hydr oxy group, or an organic group having 1 to 10 carbon
atonms; and “nt%” and “n?l” represent an integer of 0 to
10, provided that no+n¥l > 1,

O
* Nk *)J\* (ii—2)

wherein “*” represents an attachnment point,

R4
N W —R?
RS_WT (i1 1)
X

W —RS
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wherein R3 and R* each independently represent a
hydrogen atom a hydroxy group, or an optionally
substituted organic group having 1 to 10 carbon atons
and are optionally bonded to each other to forma cyclic
structure; R> and RS each independently represent an
organic group having 1 to 10 carbon atons, R°> being a
group containing an aromatic ring or a divalent group
represented by the follow ng general fornula (iii-1);
and W and W represent a single bond or a dival ent
group represented by one of the following fornulae (iii-
2), at |east one of W and W being a dival ent group

represented by one of the following fornmulae (iii-2),

O O %
* TN 07 (iii—1)
wherein “*” represents an attachnent point; and WO

represents an organic group having 1 to 4 carbon atons,

O
% *
*)J\O/ * N (iii-2)

wherein “*” represents an attachnent point.
[ 0025]

When thermal flowability is inparted to the
pol yner (A) by the conposition containing a flowability
accel erator (D) containing one or nore conpounds
selected fromthe general formulae (i) to (iii), the
conposition for formng a resist underlayer filmis
provided with high levels of both filling and
pl anari zing properties.
[ 0026]

The conposition preferably further conprises one
or nore of (E) a surfactant, (F) an acid generator, and

(G a plasticizer.

12



[0027]

A conposition for form ng a resist underlayer film
contai ni ng one or nore of the above additives has better
coating property, dry etching resistance, and filling
and pl anarizing properties.

[ 0028]

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-described conposition for
formng a resist underlayer filmonto a substrate to be
processed, followed by heating to form a resist
under | ayer film

(1-2) formng a resist upper layer filmon the
resi st underlayer film by 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 resist
underl ayer filmby dry etching while using the resist
upper layer filmhaving the formed pattern as a mask
and

(1-5) 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.

[ 0029]

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).
[ 0030]

The present invention also provides a patterning

process for formng a pattern in a substrate to be

13



processed, conprising the steps of:

(1'1-1) applying the above-described conposition
for formng a resist underlayer filmonto a substrate to
be processed, followed by heating to forma resist
under |l ayer film

(I'1-2) formng a resist mddle layer filmon the
resi st underl ayer 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

(1'1-6) transferring the pattern to the resist
under |l ayer 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 resist underlayer film having the forned
pattern as a mask to formthe pattern in the substrate
to be processed.

[ 0031]

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

[ 0032]

The present invention also provides a patterning

process for formng a pattern in a substrate to be

processed, conprising the steps of:

14



(111-1) applying the above-descri bed conposition
for formng a resist underlayer filmonto a substrate to
be processed, followed by heating to forma resist
under |l ayer 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
resi st underl ayer 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
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;

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

(I'l'1-8) 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.

[ 0033]

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.

[ 0034]

15



Furthernmore, in the inventive patterning process,
t he substrate to be processed can have a structure or a
step with a height of 30 nmor nore.

[ 0035]

The inventive patterning process uses the
i nventive conposition for formng a resist underl ayer
filmwth which it is possible to forma resist
underl ayer film having high filling and pl anari zi ng
properties, and therefore, is particularly useful for
fine processing of a substrate having such a structure
or step.

[ 0036]

The present invention also provides a nethod for
formng a resist underlayer filmthat serves as an
organic planarizing filmenployed in a sem conduct or
devi ce manufacturing process, the nethod conprising:

spin-coating a substrate to be processed with the
above-descri bed conposition for form ng a resi st
under |l ayer film and

heating the substrate coated with the conposition
for formng a resist underlayer filmat a tenperature of
100°C or higher and 800°C or |lower for 10 to 600 seconds
to forma cured film
[ 0037]

The present invention also provides a nethod for
form ng a resist underlayer filmthat serves as an
organi c planarizing filmenployed in a sem conduct or
devi ce manufacturing process, the nmethod conprising:

spin-coating a substrate to be processed with the
above-descri bed conposition for form ng a resi st
underl ayer film and

heating the substrate coated with the conposition

for formng a resist underlayer filmunder an atnosphere

16



with an oxygen concentration of 1% or nore and 21% or
less to forma cured film
[ 0038]

Such a process accel erates the crosslinking
reacti on when the resist underlayer filmis formed, thus
nmore highly suppressing mxing with the resist upper
| ayer film Moreover, appropriate adjustnent of the
heating tenperature, the time, and the oxygen
concentration within the above ranges all ows the resist
underlayer filmto have filling, planarizing, and curing
properties suitable for the purpose.

[ 0039]

The present invention also provides a nethod for
formng a resist underlayer filmthat serves as an
organic planarizing filmenployed in a sem conduct or
devi ce manufacturing process, the nethod conprising:

spin-coating a substrate to be processed with the
above-descri bed conposition for form ng a resi st
under |l ayer film and

heating the substrate coated with the conposition
for formng a resist underlayer film under an atnosphere
with an oxygen concentration of less than 1% to forma
cured film
[ 0040]

Such a process accel erates the crosslinking
reacti on when the resist underlayer filmis fornmed
wi t hout causing degradation of a substrate to be
processed even when the substrate to be processed
contains a material unstable to heating in an oxygen
at nosphere, thus more highly and effectively suppressing
m xing with the resist upper layer film
[ 0041]

In this event, the substrate to be processed

17



preferably has a structure or a step with a height of 30
nm or nore.
[ 0042]

The inventive nethod for formng a resist
underl ayer filmuses the inventive conposition for
formng a resist underlayer filmwth which it is
possible to forma resist underlayer film having high
filling and pl anarizing properties, and therefore, is
particularly suitable for formng a resist underl ayer
filmon a substrate having such a structure or step.

ADVANTAGEQUS EFFECTS OF | NVENTI ON
[ 0043]

As expl ai ned above, the conposition for formng a
resi st underlayer film the patterning process, and the
met hod for formng a resist underlayer film of the
present invention are suitably used particularly in a
mul til ayer resist process, including filling and
pl anari zation of a substrate to be processed having
steps and irregularities, and are significantly useful
in fine patterning for the manufacture of sem conduct or
devices. In particular, in a fine patterning process
using a multilayer resist method in a sem conduct or
devi ce manufacturing process, even on a substrate to be
processed having a portion where filling and
pl anari zation are difficult, such as a portion with a
dense fine pattern structure portion with a high aspect
ratio typified by a DRAM nmenory under progressing
m niaturization, filling can be performed w t hout
causi ng defects such as voids and peeling. Therefore, a
resi st underlayer film having excellent planarizing
property can be formed. Furthernore, the present

i nventions exhibit better etching resistance than
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conventional resist underlayer films, and the effect can
be exhibited particularly by heating in an atnosphere
with an oxygen concentration of |ess than 1% by vol une
or less at a tenperature higher than 450°C and 800°C or

| ower. Accordingly, it is possible to forma fine
pattern in a body to be processed with even higher

accuracy.

BRI EF DESCRI PTI ON OF DRAW NGS
[ 0044]

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 a nmethod for
evaluating the filling property.

FIG 3 is an explanatory view of a method for

eval uati ng the planarizing property.

DESCRI PTI ON OF EMBODI MENTS
[ 0045]

As stated above, there have been demands for the
devel opnent of a conposition for formng a resist
underl ayer filmused for form ng a resist underl ayer
filmthat nakes it possible to transfer a resist pattern
to a substrate to be processed with higher precision in
a fine patterning process according to a nultilayer
resi st nethod.
[ 0046]

The present inventors have focused on nethods for
I nproving the dry etching resistance of a resist
underlayer filmat the time of substrate processing,
made a start on the devel opnent of a conposition for

formng a resist underlayer filmthat can inprove dry
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etching resistance dramatically, and studi ed earnestly.
The present inventors have found out that, unlike in
resi st underlayer filmmaterials having excell ent heat
resi stance, in a high-carbon material in which thermal
deconposition of a cured film by high-tenperature baking
occurs actively, deconposition and reconbinati on of
carbon bonds occur, and a dense cured filmis obtained.
The present inventors have studi ed earnestly further,
and found out that a conbination including a polyner
having a structure represented by the general fornmula
(1A), constituted al nost entirely by carbon and hydrogen
and a crosslinking agent represented by the general
formula (B-1) can achieve a dense resist underlayer film
and exhi bits much better dry etching resistance conpared
to conventional resist underlayer films. Thus, the
present invention has been conpl et ed.
[ 0047]

That is, the present invention is a conposition
for formng a resist underlayer film conprising: (A a
pol ymer having a structure represented by the foll ow ng
general formula (1A); (B) a crosslinking agent
represented by the follow ng general fornula (B-1); and
(C) an organic solvent, wherein the polynmer (A) contains
no hydroxy groups and the crosslinking agent (B) is
contained in an ampunt of 5 to 50 parts by mass rel ative
to 100 parts by mass of the polyner (A,

(1A)

wherein Ry represents a hydrogen atom a hal ogen atom

or a linear, branched, or cyclic hydrocarbon group

20



having 1 to 20 carbon atons,

R,O
W,

X | W (B-1)

wherein W and W each independently represent a benzene
ring or a naphthal ene ring optionally having a
substituent, each R independently represents a hydrogen
atom or a nonoval ent organic group having 1 to 20 carbon
atonms, and X represents a group represented by one of

the follow ng formulae (2),

e *Q* ** *OOO* ——— @

wherein “*” represents an attachnent point.
[ 0048]

Herei nafter, the present invention will be

described in detail, but the present invention is not
limted thereto.
[ 0049]
<Conposition for Form ng Resist Underlayer Filnp

The inventive conmposition for formng a resist
underl ayer filmcontains: (A) a polynmer having a
structure represented by the foll ow ng general fornula
(1A); (B) a crosslinking agent represented by the
foll ow ng general fornula (B-1); and (C) an organic
solvent, the polynmer (A) containing no hydroxy groups
and the crosslinking agent (B) being contained in an
amount of 5 to 50 parts by nmass relative to 100 parts by

mass of the polynmer (A).
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(1A)

In the general fornmula (1A), R: represents a
hydrogen atom a hal ogen atom or a linear, branched, or

cyclic hydrocarbon group having 1 to 20 carbon atons.

R,O
Wi

X | W (B-1)

In the general forrmula (B-1), W and W each
i ndependently represent a benzene ring or a naphthal ene
ring optionally having a substituent, each R
i ndependent|ly represents a hydrogen atom or a nonoval ent
organic group having 1 to 20 carbon atonms, and X
represents a group represented by one of the follow ng

formul ae (2).

X= *@—* ** *OOQ* o =— = & (2)

In the fornulae (2), “*” represents an attachnment

poi nt .
[ 0050]

In the general forrmula (1A), R: represents a
hydrogen atom a hal ogen atom or a linear, branched, or
cyclic hydrocarbon group having 1 to 20 carbon atonmns,
preferably a hydrogen atomfromthe viewpoint of etching
resi stance.

[ 0051]
In the general forrmula (B-1), W and W each
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I ndependently represent a benzene ring or a naphthal ene
ring optionally having a substituent, each R

i ndependent|ly represents a hydrogen atom or a nonoval ent
organic group having 1 to 20 carbon atonms, and X
represents a group represented by one of the follow ng
formul ae (2). Fromthe viewpoint of the availability of
raw materials, W and W are preferably each an
unsubstituted benzene ring, and R, is preferably a

hydr ogen atom or an n-butyl group.

[ 0052]

I n the conposition, the crosslinking agent (B) is
contained in an ampunt of 5 to 50 parts by nmass,
preferably 10 to 40 parts by mass, nore preferably 15 to
30 parts by mass relative to 100 parts by mass of the
pol ymer (A).

[ 0053]

| f the amount of the crosslinking agent (B)
contained in the conposition is outside the above-
descri bed range, the thernosetting property of the
conposition for formng a resist underlayer filmis
degraded, causing degradation in the filmthickness
uniformty of the resist underlayer filmand increase in
t he anount of sublimation product. Wien it is desired
to enhance the etching resistance of the resist
underl ayer filmat the time of substrate processing, the
proportion of the polynmer (A) is preferably increased,
and when it is desired to enhance the filmthickness
uniformty of the resist underlayer film the proportion
of the crosslinking agent (B) is preferably increased.
The proportions can be adjusted in accordance with the
required performance.

[ 0054]
The conposition preferably further contains a
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pol ymer having structures represented by the follow ng

general formnulae (1B).

(1B)

q/T
7 AN
R’ R/‘\ /’X
2 3 R4

In the general formulae (1B), R 2, R3, and Rs each
I ndependent|ly represent a hydrogen atom a hal ogen atom
or a linear, branched, or cyclic hydrocarbon group
having 1 to 20 carbon atons.

[ 0055]

In the general fornulae (1B), R 2, Rs and Rs
preferably each i ndependently represent a hydrogen atom
a hal ogen atom or a linear, branched, or cyclic
hydr ocar bon group having 1 to 20 carbon atonms. Fromthe
vi ewpoi nt of etching resistance, R 2, Rz and R« nore
preferably each represent a hydrogen atom
[ 0056]

The polymer having the structures represented by
t he general fornulae (1B) is not particularly limted as
long as it is contained in the conposition, and may be a
m xed conposition of a polymer having the structure
represented by the general forrmula (1A) and a pol yner
havi ng the structures represented by the genera
formul ae (1B) or may be a copol yner of the structure
represented by the general formula (1A) and the
structures represented by the general fornmul ae (1B).

[ 0057]

When the inventive conposition for formng a
resi st underlayer filmfurther contains a polynmer having
structures shown by the general fornmulae (1B), thernal

flowability is inproved, and it is possible to provide a
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conposition for formng a resist underlayer film having
excellent filling and planarizing properti es agai nst
st epped substrates.
[ 0058]

In the conposition for formng a resist underl ayer
film the polymer (A) preferably has structures

represented by the follow ng general fornulae (1C).

e
[ 2 b N (1C)
e

satisfy a+b+c = 1, 0.5 £ a £ 0.9, and 0.1 £ b+c £ 0.5.
[ 0059]
In the general fornulae (1C), “a”, “b”, and “c”

a”, “b", and

In the general fornulae (10, c

preferably satisfy a+b+c = 1, 0.5 < a £ 0.9, and 0.1 <
b+c £ 0.5, more preferably 0.7 < a £ 0.9 and 0.1 £ b+c <
0. 3.
[ 0060]

The polymer (A) preferably has a wei ght-average
nol ecul ar wei ght Mw of 500 to 5,000, nmore preferably
1,000 to 4,500, and further preferably 2,000 to 4,000 as
measured by gel pernmeation chromatography in ternms of
pol ystyrene. Wen the Mv is 500 or nore, the anount of
sublimation product is small, and filmthickness
uniformty is not degraded. When the Mwv is 5,000 or
| ess, the solvent solubility of the polyner is not
degraded, and therefore, the polynmer is not precipitated
over time. Thus, this range is preferable fromthe
vi ewpoi nt of storage stability. |In addition,
flowability is not degraded, and therefore, filling
property and planarizati on property are not degraded

ei t her.
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[ 0061]

When t he wei ght-average nol ecul ar weight is as
descri bed, the thermal flowability of the resi st
underl ayer filmmaterial is excellent, and therefore,
when the polynmer is contained in a resist underlayer
filmmterial, not only is it possible to fill favorably
fine structures formed on a substrate, it is possible to
forma resist underlayer filmto planarize the entire
substrat e.

[ 0062]

The polymer (A) can be obtained by polynmerizing a
pol ynmeri zabl e nmononer by a known nmet hod. When obt ai ni ng
the polymer, it is also possible to synthesize the
pol ymer by polymerizing nononers protected by a
protecting group as necessary, and then perform ng a
deprotection reaction as necessary. Reaction nethods
for obtaining the polynmer are not particularly limted,
and it is possible to enploy a nethod such as radical
pol ymeri zati on and cationic polynmerization and sel ect
t he method appropriately depending on the reactivity of
the nmonomer and so forth.

[ 0063]

When radical polynmerization is to be enployed,
there is a method of m xing a nononer having a
pol ynmeri zabl e unsaturated bond and addi ng a radical
initiator into the solvent to performthermal
pol ymeri zati on. The polyner can be thus obtained.
Various polynerization conditions can be selected in
accordance with the nmononers to be used, the target
nmol ecul ar weight, etc. Specific exanples of the sol vent
to be used in the polynerization include tol uene,
benzene, tetrahydrofuran, diethyl ether, dioxane, 2-

but anone, nethylisobutyl ketone, propyl ene glycol
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monomethyl ether acetate, cyclohexanone, y-butyrolactone,
et hyl acetate, and butyl acetate. Exanples of the
pol ymeri zation initiator include 2,2 -
azobi si sobutyronitrile (AIBN), 2,2'-azobis(2,4-dinmethyl-
val eronitrile), dinmethyl 2,2-azobis(2-nmethyl propionate),
benzoyl peroxide, and |auroyl peroxide. As a chain
transfer agent, it is also possible to add, upon
pol ynmeri zation, a thiol such as octanethiol and 2-
mer capt oet hanol. The pol ynerization reaction can be
perfornmed preferably at a tenperature of 40°C to the
boiling point of the reaction solvent. The reaction
time can be 0.5 to 100 hours, preferably 1 to 48 hours.
[ 0064]

When cationic polynerization is to be enpl oyed,
there is a method of m xing a nononer having a
pol ymeri zabl e unsaturated bond and adding a cationic
pol ymeri zation initiator to perform polynerization. The
pol ymer can be thus obtained. Various polymerization
conditions can be selected in accordance with the
nmononmers to be used, the target nol ecul ar weight, etc.
Specific exanples of the solvent to be used in the
pol ymeri zati on i nclude hexane, heptane, octane, toluene,
nmet hyl ene chl ori de, 1, 2-dichloroethane, ethyl ether,
butyl ether, etc. As a catalyst to be used as the
cationic polynerization initiator, it is possible to use
a protonic acid, such as acid, sulfuric acid, perchloric
acid, trifluoroacetic acid, nethanesul fonic acid,
trifluoronmethanesul fonic acid, chlorosul fonic acid, and
fluorosulfonic acid; a Lewis acid, such as boron
trifluoride, alum num chloride, titaniumtetrachl oride,
stannic chloride, and ferric chloride; etc. Wen a
Lewis acid is to be used as a catalyst, the presence of

a source of proton supply, such as acid, water, or

27



al cohol, at about the sanme nunber of noles as the

catal yst inproves cationic polynerization activity.
Therefore, such a material can al so be contained. The
pol ymeri zation reaction is not particularly limted as

|l ong as the tenperature is a tenperature at which the
reaction progresses, but it is preferable to performthe
reaction while heating at -10°C to the boiling point of
the reaction solvent. The reaction tinme can be 0.5 to
100 hours, preferably 1 to 48 hours.

[ 0065]

The nethod for obtaining the polymer (A) is
preferably cationic polynerization. In radical
pol ymeri zation, term nal structures containing
heteroatons originating froma radical initiator are
i ntroduced into the polyner, and the heteroatons, such
as oxygen and nitrogen, other than carbon, degrade
etching resistance. |In cationic polynerization, however,
such inconveni ence does not arise. Therefore, the
met hod for obtaining the polynmer is preferably cationic
pol ynmeri zation, fromthe viewpoint of etching resistance.
[ 0066]

The Mv Mh (that is, the dispersity) of the
crosslinking agent (B) preferably satisfies 1.00 < Mw/Mn
< 1.25, where Mw is a weight-average molecular weight
and Mh is a nunber-average nol ecul ar wei ght neasured by
gel perneation chromatography in terns of polystyrene.

[ 0067]

When the dispersity is within the above range, the
thermal flowability of a resist underlayer filmmateri al
does not decrease. Therefore, when the crosslinking
agent is contained in a resist underlayer filmmterial,
fine structures forned on the substrate can be filled,

and noreover, it is possible to forma resist underl ayer
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filmthat is flat on the entire substrate. Fromthe
definition, MMM is 1.00 in the case of a nmononol ecul ar
conpound, but because of separation in GPC, the neasured
val ue exceeds 1.00 in sonme cases. GCenerally, it is
extrenmely difficult to bring the MV Wn of a pol yner
having a repeating unit close to 1.00 unless a speci al
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 < 1.25 is defined as
an index to indicate nmononerismin order to distinguish
bet ween nmononol ecul ar conpounds and pol yners.
[ 0068]
<(C) Organic Sol vent>

The organic solvent (C) that can be used in the
i nventive conposition for formng a resist underl ayer
filmis not particularly limted as long as it dissolves
t he above-descri bed polymer (A) and crosslinking agent
(B), and when contained, a flowability accel erator (D)
a surfactant (E), an acid generator (F), a plasticizer
(G, other additives etc., which will be described |ater
[ 0069]

Specifically, an organic solvent disclosed in
par agraphs [0091] and [0092] in JP2007-199653A may be
contai ned. Further specifically, it is preferable to
use propyl ene glycol nononethyl 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.
[ 0070]

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

29



of the polymer (A).
[ 0071]
<(D) Flowability Accel erator>

The conposition preferably contains a flowability
accelerator (D) having a weight reduction rate of |ess
than 30% at 30°C to 190°C and a wei ght reduction rate of
98% or nore at 30°C to 350°C.

[ 0072]

A flowability accel erator having a wei ght
reduction rate of |less than 30% at 30°C to 190°C and a
wei ght reduction rate of 98% or nore at 30°C to 350°C
sufficiently maintains |ow viscosity since evaporation
during a heat treatnent is suppressed. Therefore, such
a flowability accelerator is preferable since it has
excellent thermal flowability and little flowability
accelerator remains in the resist underlayer filmafter
baking. In the present description, the weight
reduction rate is based on a val ue obtained by TG
(thermogravinetry) using a differential thermal analyzer.
[ 0073]

The upper limt of the tenperature range at which
t he weight reduction rate of the flowability accel erator
(D) is less than 30%is further preferably 210°C, and
further preferable 230°C. By setting the tenperature
range at which the weight reduction rate of the
flowability accelerator is |less than 30%to the above-
descri bed ranges, filling and planari zing properties can
be enhanced further.

[ 0074]

The tenperature at which the weight reduction rate
of the flowability accelerator (D) is 98% or nore is
further preferably 330°C, and particularly preferably
310°C. By setting the tenperature at which the weight
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reduction rate of the flowability accelerator is 98% or
nore to the above-descri bed tenperature ranges, the
flowability accel erator that remains in the resist
underl ayer film after baking can be reduced.

[ 0075]

When t he above-described flowability accel erator
(D) is contained, the thermal flowability of the
conposition for formng a resist underlayer film between
the start of the heat treatnent and being cured by a
crosslinking reaction is enhanced. Therefore, excellent
filling and pl anarizing properties can be achi eved.
Meanwhi l e, the flowability accelerator (D) is reduced by
evaporation and so forth in the heat treatnent, and
therefore, there is no risk of etching resistance and
optical characteristics being degraded.

[ 0076]

Further preferable forns of the flowability
accelerator (D) include flowability accel erators
contai ni ng one or nore conpounds sel ected fromthe
follow ng general fornulae (i) to (iii).

RqﬁO/WQ ,évw }\O—ew) (i)

In the general formula (i), each R! independently
represents a hydrogen atom a hydroxy group, or an
optionally substituted organic group having 1 to 10
carbon atons; W represents a phenyl ene group, or a
di val ent group represented by the foll owi ng general
formula (i-1); W and W each independently represent a
single bond or a divalent group represented by one of
the following formulae (i-2); “nm” represents an integer

of 1 to 10; and “n!” represents an integer of 0 to 5.

31



5 1)
* | |
wW10—-C C wil—= (i—1)
AT
m10 I..n11

In the general formula (i-1), “*” represents an
attachnment point; R, R R2 and RI3 each
i ndependently represent a hydrogen atom a hydroxy group,
or an organic group having 1 to 10 carbon atoms; W?O? and
W1 each i ndependently represent a single bond or a
car bonyl group; and “m° and “nmtl” represent an integer
of 0 to 10, provided that mo+ml > 1.

O

* Nk *)J\* (i—2)

In the fornulae (i-2), “*” represents an

attachment point.

W> w4
(Rz%\ \60’ \}OH (i1)
n3| — m?

In the general forrmula (ii), each R2 i ndependently
represents a hydrogen atom or an optionally substituted
organic group having 1 to 10 carbon atonms; W represents
a dival ent group represented by the foll ow ng general
formula (ii-1); W represents a single bond or a
di val ent group represented by one of the foll ow ng
formulae (ii-2); “nm?” represents an integer of 2 to 10;
and “n3” represents an integer of 0 to 5.
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In the general forrmula (ii-1), “*” represents an
attachnment point; RO, R R22 and R23 each
i ndependently represent a hydrogen atom a hydroxy group,
or an organic group having 1 to 10 carbon atons; and
“m0” and “ntl” represent an integer of 0O to 10, provided
t hat mPo+nel > 1.

O
N *)J\* (i i—2)

In the fornulae (ii-2), “*” represents an

attachment point.

R4
N\ WP—RS
R3 _W,T (i i 1)

WT_RG

In the general forrmula (iii), R3 and R* each
i ndependently represent a hydrogen atom a hydroxy group,
or an optionally substituted organic group having 1 to
10 carbon atonms and are optionally bonded to each ot her
to forma cyclic structure; RS and RS each independently
represent an organic group having 1 to 10 carbon atons,
R> being a group containing an aromatic ring or a
di val ent group represented by the foll owi ng general
formula (iii-1); and W and W represent a single bond

or a divalent group represented by one of the follow ng
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formulae (iii-2), at |east one of W and W being a

di val ent group represented by one of the follow ng

formulae (iii-2).
O O
* \Wgo/ N (iii—1)
In the general forrmula (iii-1), “*” represents an

attachment point; and WO represents an organi c group

having 1 to 4 carbon atons.

O
* *
*)J\O/ * o7 (iii—2)

In the fornulae (iii-2), “*” represents an
attachment point.
[0077]

In the general formula (i), each R! independently
represents a hydrogen atom a hydroxy group, or an
optionally substituted organic group having 1 to 10
carbon atons. Here, “organic group” in the present
I nvention nmeans a group containing at |east one carbon
atom and further containing a hydrogen atom and a
ni trogen, oxygen, sulfur, silicon, halogen atom etc.
may al so be cont ai ned.

[ 0078]

R! may be of one kind, or a plurality of kinds nmay
be present. More specific exanples of R! include a
hydrogen atom a hydroxy group, a nethyl group, an ethyl
group, a vinyl group, a 2,2,2-trifluoroethyl group, a
propyl group, an isopropyl group, an allyl group, a
butyl group, an s-butyl group, a t-butyl group, an
i sobutyl group, a pentyl group, a cyclopentyl group, a
hexyl group, a cycl ohexyl group, a cycl ohexenyl group, a

decyl group, a nethoxy group, an ethoxy group, a propoxy
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group, an isopropoxy group, a butoxy group, an s-butoxy
group, a norbornyl group, an adamantyl group, a phenyl
group, a toluyl group, a xylyl group, a naphthyl group,
a benzyl group, a 2-furanyl group, and a 2-
tetrahydrofuranyl group. |In particular, a hydrogen atom
is nore preferable.

[ 0079]

W represents a phenyl ene group or a dival ent
group represented by the general formula (i-1). W and
W each independently represent a single bond or a
di val ent group represented by one of the fornulae (i-2).
“m” represents an integer of 1 to 10; and each “nl”

i ndependent|ly represents an integer of 0 to 5.
[ 0080]

R0, Rl RI2. and R!3 each independently represent a
hydrogen atom a hydroxy group, or an organic group
having 1 to 10 carbon atonms. More specific exanples
i nclude a hydrogen atom a hydroxy group, a nethyl group,
an ethyl group, a vinyl group, a 2,2,2-trifluoroethyl
group, a propyl group, an isopropyl group, an allyl
group, a butyl group, an s-butyl group, a t-butyl group,
an i sobutyl group, a pentyl group, a cyclopentyl group,
a hexyl group, a cyclohexyl group, a cycl ohexenyl group,
a decyl group, a nethoxy group, an ethoxy group, a
propoxy group, an isopropoxy group, a butoxy group, an
s- but oxy group, a norbornyl group, an adamantyl group, a
phenyl group, a toluyl group, a xylyl group, a naphthyl
group, a benzyl group, a 2-furanyl group, and a 2-
tetrahydrofuranyl group. |In particular, a hydrogen atom
and a nethyl group are nore preferable, and a hydrogen
atomis further preferable.

[ 0081]
W0 and W! each independently represent a single
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bond or a carbonyl group. “nt%” and “ntl” represent an
integer of 0 to 10, provided that nto+ntl > 1.
[ 0082]

In the general forrmula (ii), each R2 i ndependently
represents a hydrogen atom or an optionally substituted
organi c group having 1 to 10 carbon atons.

[ 0083]

R2 may be of one kind, or a plurality of kinds may
be present. More specific exanples of R2 include a
hydrogen atom a nethyl group, an ethyl group, a vinyl
group, a 2,2,2-trifluoroethyl group, a propyl group, an
i sopropyl group, an allyl group, a butyl group, an s-
butyl group, a t-butyl group, an isobutyl group, a
pentyl group, a cyclopentyl group, a hexyl group, a
cycl ohexyl group, a cycl ohexenyl group, a decyl group, a
met hoxy group, an ethoxy group, a propoxy group, an
I sopropoxy group, a butoxy group, an s-butoxy group, a
nor bor nyl group, an adamantyl group, a phenyl group, a
toluyl group, a xylyl group, a naphthyl group, a benzyl
group, a 2-furanyl group, and a 2-tetrahydrofuranyl
group. In particular, a hydrogen atomis nore
pr ef er abl e.

[ 0084]

W represents a divalent group represented by the
general formula (ii-1). W represents a single bond or
a divalent group represented by one of the fornulae (ii-
2). “m” represents an integer of 2 to 10; and “n¥
represents an integer of 0 to 5.

[ 0085]

R0, R21 R22, and R23 each independently represent a
hydrogen atom a hydroxy group, or an optionally
substituted organic group having 1 to 10 carbon atons.

More specific exanples include a hydrogen atom a
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hydr oxy group, a nethyl group, an ethyl group, a vinyl
group, a 2,2,2-trifluoroethyl group, a propyl group, an
i sopropyl group, an allyl group, a butyl group, an s-
butyl group, a t-butyl group, an isobutyl group, a
pentyl group, a cyclopentyl group, a hexyl group, a
cycl ohexyl group, a cycl ohexenyl group, a decyl group, a
met hoxy group, an ethoxy group, a propoxy group, an
I sopropoxy group, a butoxy group, an s-butoxy group, a
t - butoxy group, a norbornyl group, an adamantyl group, a
phenyl group, a toluyl group, a xylyl group, a naphthyl
group, a benzyl group, a 2-furanyl group, and a 2-
t etrahydrofuranyl group. |In particular, a hydrogen atom
and a nmethyl group are nore preferable, and a hydrogen
atomis further preferable.
[ 0086]

“mt0” and “ntl” each represent an integer of 0 to
10, and satisfy nto+n?l > 1.
[ 0087]

In the general forrmula (iii), R3 and R* each
i ndependently represent a hydrogen atom a hydroxy group,
or an optionally substituted organic group having 1 to
10 carbon atoms. More specific exanples include a
hydrogen atom a hydroxy group, a nethyl group, an ethyl
group, a vinyl group, a 2,2,2-trifluoroethyl group, a
propyl group, an isopropyl group, an allyl group, a
butyl group, an s-butyl group, a t-butyl group, an
i sobutyl group, a pentyl group, a cyclopentyl group, a
hexyl group, a cyclohexyl group, a cycl ohexenyl group, a
decyl group, a nethoxy group, an ethoxy group, a propoxy
group, an isopropoxy group, a butoxy group, an s-butoxy
group, a norbornyl group, an adamantyl group, a phenyl
group, a toluyl group, a xylyl group, a naphthyl group,
a benzyl group, a 2-furanyl group, and a 2-
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tetrahydrofuranyl group. |In particular, a hydrogen atom
is nmore preferable.
[ 0088]

Ré represents an organic group having 1 to 10
carbon atonms. R® represents an organic group having 1
to 10 carbon atons, and is a group containing an
aromatic ring or a divalent group represented by the
general formula (iii-1). Exanples of the organic group
having 1 to 10 carbon atons include the groups given as
exanpl es of R and R4
[ 0089]

W and W represent a single bond or a dival ent
group represented by one of the fornmulae (iii-2), and at
| east one of W and W is a divalent group represented
by one of the fornulae (iii-2).

[ 0090]

WO represents an organic group having 1 to 4
carbon atonms. More specific exanples include a
met hyl ene group, an ethylene group, a propylene group, a
butyl ene group, a trinethylene group, and a
tetranmet hyl ene group. |In particular, an ethyl ene group
is nmore preferable.

[ 0091]

Furt her specific exanples of the conpound shown by

t he general fornula (i) include the follow ng, but are

not limted thereto.
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[ 0092]
Furt her specific exanples of the conpound shown by
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t he general fornula (ii) include the follow ng, but are
not limted thereto.
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[ 0093]

Furt her specific exanples of the compound shown by

t he general formula (iii) include the follow ng, but are
not limted thereto.
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[ 0094]

Conprehensi vely considering the filmformability,
properties of filling and planarizing a substrate, etc.
of the composition for formng a resist underlayer film
the flowability accelerator (D) to be contained in the

i nventive conposition for formng a resist underl ayer
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filmis preferably an aromati c-group-containing conpound
havi ng a benzyl group or a benzoyl group, particularly
preferably an aromatic-group-containing conmpound shown
bel ow.

(i) (Poly)ethylene glycol dibenzoate

(i1) (Poly)ethylene glycol dibenzyl ether

(iii) (Poly)propylene glycol dibenzyl ether

(iv) (Poly)butylene glycol dibenzyl ether

(v) Linear aliphatic dibenzyl dicarboxyl ate

(vi) (Poly)ethylene glycol nonobenzyl ether

(vii) (Poly)phenyl ether

[ 0095]

Saus SN & 4. AR
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Note that the “n” in the above fornulae is an
I nteger at which the nol ecular weight is within the
range of 500 or |less, and applies only in these fornmul ae.
[ 0096]

The flowability accelerator (D) that can be

contained in the inventive conposition for formng a
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resi st underlayer filmhas a structure having both a
hydr ophobi ¢ noiety including an aromatic ring and a
hydrophilic noiety including a (D-1) structure.
Therefore, the flowability accel erator has excell ent
conpatibility with the polymer (A), the crosslinking
agent (B), the organic solvent (C), and other additives,
and the flowability of the conposition can be inproved
wi t hout degradation in filmformability or storage

stability.

o o

UL Nk (D—1)
W

In the formula, “*” represents an attachnment point,
and Wrepresents an organic group having 1 to 4 carbon
at ons.

[ 0097]

The amount of the flowability accelerator (D) to
be contained is preferably 5 to 100 parts by nmass, nore
preferably 10 to 50 parts by mass relative to 100 parts
by mass of the polymer (A). Wen the amount of the
flowability accelerator (D) contained is 10 mass% or
nore, the flowability of the conposition for formng a
resi st underlayer filmcan be sufficiently enhanced.
When the anount of the flowability accel erator (D)
contained relative to the polymer (A) is within the
above ranges, a sufficient effect of enhancing the
thermal flowability of the resist underlayer film can be
achi eved, and the filmformability and dry etching
resi stance of the obtained coating filmare al so
excel |l ent.

[ 0098]
One kind of the flowability accelerator (D) can be
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used, or two or nore kinds can be used in conbination.
[ 0099]

<Ot her Component s>

[ Crosslinking Agent]

The inventive conmposition for formng a resist
underl ayer filmcan also contain a comon crosslinking
agent besides the crosslinking agent (B), which is
characterized by the structure of the general fornula
(B-1). The crosslinking agent to be used is not
particularly limted, and various known crosslinking
agents can be wi dely used. Exanples thereof include
pol ynucl ear phenol - based, such as nethyl ol or
al koxynet hyl - based crosslinking agents (pol ynucl ear
phenol - based crosslinking agents), nel am ne-based
crosslinking agents, glycoluril-based crosslinking
agents, benzoguanani ne-based crosslinking agents, urea-
based crosslinking agents, pP-hydroxyalkylamide-based
crosslinking agents, isocyanurate-based crosslinking
agents, aziridine-based crosslinking agents, an
oxazol i ne-based crosslinking agents, and epoxy-based
crosslinking agents. When the crosslinking agent is
contai ned, the contained amount is preferably 1 to 50
parts by mass, nore preferably 5 to 30 parts by mass
relative to 100 parts by mass of the polymer (A).

[ 0100]

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

[0101]
Specific exanples of the glycoluril-based

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

[0102]

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

[0103]

Speci fic exanples of the urea-based crosslinking
agents include dinmethoxynethyl ated di met hoxyet hyl eneur ea,
al koxy- and/or hydroxy-substituted derivatives thereof,
and partial self-condensates thereof.

[ 0104]

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. Specific exanpl es of
t he i socyanurat e-based crosslinking agents include
triglycidyl isocyanurate and triallyl isocyanurate.

[ 0105]

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].
[0106]

Specific exanpl es of the oxazoline-based
crosslinking agents include 2,2 -isopropylidene bis(4-
benzyl - 2- oxazoline), 2,2 -isopropylidene bis(4-phenyl-2-
oxazoline), 2,2 -nethylene bis-4,5-di phenyl -2-o0xazoline,
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-
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oxazoline), and a 2-isopropenyl oxazol i ne copol yner.
[0107]

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
nmet hacryl ate), trinmethyl ol ethane triglycidyl ether,
trimet hyl ol propane triglycidyl ether, and
pentaerythritol tetraglycidyl ether.
[0108]

Speci fic exanples of the pol ynucl ear phenol - based
crosslinking agents include conpounds represented by the

foll ow ng general fornmula (XL-1).

s

OR’;

Q OH (XL-1)

4

OR’3 /;

In the general fornmula (XL-1), Q represents a

single bond or a g-val ent hydrocarbon group having 1 to

20 carbon atoms. R 3 represents a hydrogen atom or an

al kyl group having 1 to 20 carbon atoms. “qQ” represents
an integer of 1 to 5.
[0109]

Q represents a single bond or a hydrocarbon group

havi ng a val ency of

q
or 3. Specific exanmples of Q include groups obtained by

g” and having 1 to 20 carbon atons.

represents an integer of 1 to 5 nore preferably 2

renmovi ng “q” hydrogen atons from net hane, ethane,
propane, butane, isobutane, pentane, cycl opentane,
hexane, cycl ohexane, methyl pentane, nethyl cycl ohexane,
di met hyl cycl ohexane, trinethyl cycl ohexane, benzene,

t ol uene, xylene, ethyl benzene, ethylisopropyl benzene,
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di i sopropyl benzene, nethyl napht hal ene, et hyl napht hal ene,
and ei cosane. R 3 represents a hydrogen atom or an
al kyl group having 1 to 20 carbon atoms. Specific
exanpl es of the al kyl group having 1 to 20 carbon atons
i ncl ude a nmethyl 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 i s preferable.
[0110]

Specific exanples of the conpounds represented by
t he general fornula (XL-1) include the foll ow ng
conpounds. Anong these, a hexanet hoxynethyl at ed
derivative of triphenol net hane, triphenol ethane, 1,1,1, -
tris(4-hydroxyphenyl)ethane, and tri s(4-hydroxyphenyl)-
1-ethyl -4-isopropyl benzene are preferable fromthe
vi ewpoi nt of inproving the curability and filmthickness
uniformty of the resist underlayer film R 3 is as
defi ned above.
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[0111]

[0112]
[(E) Surfactant]

A surfactant (E) may be contained in the inventive
conposition for formng a resist underlayer filmin
order to inprove coating property in spin-coating.
Exanpl es of the surfactant (E) include those disclosed
i n paragraphs [0142] to [0147] of JP2009-269953A. When
the surfactant (E) is contained, the contained anount is
preferably 0.01 to 10 parts by mass, nore preferably
0.05 to 5 parts by mass per 100 parts by mass of the
pol ymer (A).

[0113]
[(F) Acid CGenerator]
An acid generator (F) may be contained in the

i nventive conposition for formng a resist underl ayer

49



filmin order to pronote a curing reaction further. The
acid generator (F) can be classified into those that
generate an acid by thernmal deconposition and those that
generate an acid by optical irradiation; however, any
acid generator can be added. Specific exanples of the
acid generator include the materials disclosed in

par agraphs [0061] to [0085] of JP2007-199653A, but are
not limted thereto.

[ 0114]

One kind of the acid generator (F) can be used, or
two or nore kinds can be used in conbination. Wen the
acid generator (F) is contained, the contained amount 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
pol ymer (A).

[0115]
[(G Plasticizer]

A plasticizer (G my be contained in the
i nventive conposition for formng a resist underl ayer
filmin order to inprove further the planarizing and
filling properties. The plasticizer (G is not
particularly limted, and various known plasticizers can
be wi dely used. Exanples of the plasticizer include |ow
nmol ecul ar wei ght conpounds, such as phthal ate esters,
adi pate esters, phosphate esters, trinellitate esters,
and citrate esters; and polyners, such as polyether-
based pol ynmers, polyester-based polynmers, and
pol yacet al - based pol yners di sclosed in JP2013-253227A.
When the plasticizer (G is contained, the contained
amount is preferably 1 to 100 parts by mass, nore
preferably 5 to 30 parts by nass, per 100 parts by mass
of the polymer (A).

[0116]
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In addition, in the inventive conposition for
formng a resist underlayer film it is preferable to
use, as an additive for inmparting filling and
pl anarizing properties in the same manner as the
pl asticizer, for exanple, a liquid additive having a
pol yet hyl ene gl ycol or polypropylene glycol structure,
or a thernmo-deconposabl e pol yner having 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.
Thi s therno-deconposabl e pol yner preferably contains a
repeating unit having an acetal structure represented by
the follow ng general formula (DPl1) or (DPla).

[0117]

//J\\\ P (DP1)

In the general forrmula (DPl), Re represents a
hydrogen atom or an optionally substituted saturated or
unsat urat ed nonoval ent organic group having 1 to 30
carbon atoms. Y represents a saturated or unsaturated
di val ent organic group having 2 to 30 carbon atons.
[0118]

R6a
o
o/ \<o o/ ;OH (DP1a)

In the general forrmula (DPla), 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 carbon atons and optionally having an

et her bond. “n” represents an average repeating unit
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nunmber of 3 to 500.

[0119]

<Patterning Process Using Conposition for Form ng Resi st
Under | ayer Fil nm>

The present invention provides, as a patterning
process according to a two-layer resist process using
t he above-described conposition for formng a resi st
underlayer film a patterning process for formng a
pattern in a substrate to be processed, including the
steps of:

(1-1) applying the above-described conposition for
form ng a resist underlayer filmonto a substrate to be
processed, followed by heating to form a resist
under |l ayer film

(1-2) formng a resist upper layer filmon the
resi st underlayer film by 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 resist
underl ayer 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 resist underlayer film having the forned
pattern as a mask to formthe pattern in the substrate
to be processed.

[ 0120]

The resist upper layer filmin the two-1|ayer
resi st process described above is preferably a
phot osensitive organic netal oxide film The
phot osensitive organic netal oxide film exhibits etching

resi stance with respect to oxygen-based gas; therefore,
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the dry etching of the resist underlayer filmthat is
perfornmed while using the resist upper layer filmas a
mask in the two-layer resist process is preferably
performed using an etching gas mainly containing an
oxygen- based gas.

[0121]

The present invention also provides, as a
patterni ng process using a three-|layer resist process
usi ng the above-descri bed conmposition for formng a
resi st underlayer film a patterning process for formng
a pattern in a substrate to be processed, including the
steps of:

(1'1-1) applying the above-described conposition
for formng a resist underlayer filmonto a substrate to
be processed, followed by heating to forma resist
under | ayer film

(1'1-2) formng a resist mddle layer filmon the
resi st underl ayer film

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

(I1'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 resist
underl ayer 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 resist underlayer film having the forned
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pattern as a mask to formthe pattern in the substrate
to be processed.
[0122]

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
patterni ng process according to a three-|ayer resist
process using such a conposition for form ng a resist
underlayer film the patterning process including:

formng a resist underlayer film3 on a layer 2 to
be processed on a substrate 1 to be processed by using
the conposition for formng a resist underlayer film
formng a silicon-containing resist mddle |ayer film#4
on the resist underlayer filmby using a silicon-
containing resist mddle layer filmmterial, and
form ng a resist upper layer filmb5 on the silicon-
containing resist mddle |ayer filmby using a
photoresist material as in FIG 1(A);

subsequent|ly 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 silicon-containing resist mddle
| ayer film pattern 4a to the silicon-containing resist
m ddl e | ayer filmby dry etching while using the resist
upper layer filmhaving the formed pattern as a mask as
in FIG 1(D);

transferring a resist underlayer filmpattern 3a
to the resist underlayer filmby dry etching while using
the silicon-containing resist mddle [ayer film having
the transferred pattern as a mask as in FIG 1(E); and

processing the layer to be processed on the
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substrate to be processed while using the resist

underl ayer film having the formed pattern as a mask to
forma pattern 2a on the substrate 1 to be processed as
in FIG 1(F).

[ 0123]

The silicon-containing resist mddle |layer filmin
the three-|layer resist process exhibits etching
resi stance with respect to an oxygen-based gas.
Therefore, the dry etching of the resist underlayer film
that is performed while using the silicon-containing
resist mddle layer filmas a mask in the three-Iayer
resi st process is preferably performed using an etching
gas mainly containing an oxygen-based gas.

[ 0124]

As the silicon-containing resist mddle layer film
in the three-layer resist process, a polysiloxane-based
m ddle layer filmis also favorably 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-
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silicon bond for 193 nm exposure, and which is cross-
i nked by an acid or heat.
[ 0125]

I n addition, the present invention provides a
patterni ng process by way of a four-layer resist process
usi ng such a conposition for formng a resist underl ayer
film the patterning process including the steps of:

form ng a resist underlayer filmon a substrate to
be processed by using the above-descri bed conposition
for formng a resist underlayer film

formng a silicon-containing resist mddle |ayer
filmon the resist underlayer 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 resist underl ayer
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 resist underlayer film having the fornmed
pattern as a mask, thereby form ng the pattern in the

substrate to be processed.
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[ 0126]

Al ternatively, an inorganic hard mask m ddle | 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
| east, by:

form ng a resist underlayer filmon a body to be
processed (substrate to be processed) by using the
i nventive conposition for formng a resist underl ayer
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 resist
under |l ayer film

formng a resist upper layer filmon the inorganic
hard mask m ddl e |ayer film by using a photoresist
conposition;

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 resist underlayer 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 resist underlayer film having the forned
pattern as a mask to formthe pattern in the body to be
processed.

[0127]

As descri bed above, when the inorganic hard mask

mddle layer filmis formed on the resist underlayer

film a silicon oxide film a silicon nitride film and
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a silicon oxynitride film(SIiONfilm can be fornmed by a
CVD nmet 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 mddle layer filmis
preferably 5 to 200 nm nore preferably 10 to 100 nm
The SION film which has a high function as an
antireflective film is the nost favorably used as the

I norgani ¢ hard mask m ddle layer film Since the
substrate tenperature increases to 300 to 500°C when the
SION filmis fornmed, the resist underlayer filmneeds to
wi thstand a tenperature of 300 to 500°C. The
conposition for formng a resist underlayer filmused in
t he present invention has high heat resistance and can
wi t hstand a high tenperature of 300 to 500°C. Thus, the
resi st underlayer filmformed by spin-coating and the

i norgani ¢ hard mask m ddle layer film formed by the CVD
met hod or the ALD nethod can be conbi ned.

[ 0128]

A photoresist filmmy be formed on the inorganic
hard mask m ddle |ayer 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 SIiON filmis used as the
i norgani ¢ hard mask m ddle layer film the reflection
can be suppressed by the two antireflective filnms, i.e.,
the SION filmand the BARC film even in liquid
I mmer si on exposure at a high NA exceeding 1.0. Another
merit of form ng BARC resides in that it has an effect
to reduce a footing profile of a photoresist pattern

i medi ately above the SiON film
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[0129]

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

(1'11-1) applying the above-descri bed conposition
for formng a resist underlayer filmonto a substrate to
be processed, followed by heating to forma resist
under | ayer 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
resi st underl ayer film

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

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

(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
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 resi st
underl ayer filmby dry etching while using the inorganic
hard mask m ddl e |ayer film having the transferred
pattern as a mask; and

(I''1-8) 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.

[ 0130]
I n the above-descri bed patterning process, the

59



resi st upper layer filmmy be either a positive type or
a negative type, and it is possible to use a film
simlar to the typically used photoresist conposition.
The phot oresi st conposition nmay al so contain a netal
atom such as Sn, In, Ga, Ge, A, Ce, La, Cs, Zr, Hf, Ti,
Bi, Sb, and Zn. 1In a case where the resist upper |ayer
filmis formed with the photoresi st conposition, a spin-
coating nethod may be enpl oyed, or the film may be
formed by a deposition treatnment according to a CVD

met hod or an ALD net hod.

[0131]

In a case where the photoresist conposition is
formed by a spin-coating nmethod, prebaking is conducted
after applying the photoresist conposition. The
prebaking is preferably perfornmed at 60 to 180°C for 10
to 300 seconds. Thereafter, exposure is conducted
according to a usual manner, followed by post-exposure
baki ng (PEB) and devel opnent, thereby obtaining a resist
pattern. Although the thickness of the resist upper
| ayer filmis not particularly limted, the thickness is
preferably 10 to 500 nm particularly preferably 20 to
400 nm
[0132]

In a case where the photoresist conposition is to
be forned by a deposition treatnent according to a CVD
met hod or an ALD net hod, the photoresist conposition is
a netal - oxide-containing film having photosensitivity to
EUV, and the netal is selected fromSn, Zr, Hf, Ti, Bi,
Sb, etc. In particular, Sn, which has excellent
phot osensitivity to EUV, is preferable. The netal-
oxi de-containing filmmy be a photosensitive
organonetal | i c-oxi de-containing filmsuch as an

organotin oxide (for exanple, haloal kyl Sn, al koxyal kyl
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Sn, or am doal kyl Sn). Sonme specific exanpl es of
sui tabl e precursors include trinethyl tin chloride,
di methyltin dichloride, nethyltin trichloride,
tris(dinmethylam no)methyl tin(lV), and

(di met hylam no)trinethyl tin(IlV).

[0133]

The netal - oxide-containing filmmy be deposited
by PECVD or PEALD, for exanple, by using a Lam Vector
(registered trademark) tool, separating the Sn oxide
precursor from O precursor/plasma in the ALD
i npl enentation. Deposition tenperature is preferably
50°C to 600°C. Deposition pressure is preferably
bet ween 100 and 6, 000 mrlorr. Precursor liquid flow
rates for metal oxide-containing film(e.g., an
organotin oxide precursor) can be 0.01 to 10 cnrm and
gas flow rates (CO;,, CO, Ar, and N2) can be 100 to
10,000 sccm Plasma powers can be 200 to 1,000 W per
300 mm wafer station, using a high-frequency plasm
(e.g., 13.56 MHz, 27.1 WHz, or higher). Deposited
thi ckness is preferably 100 to 2,000 A.

[ 0134]

Exanpl es of |ight for exposure include high-energy
beans at wavel engths of 300 nmor |ess, specifically
exci mer |asers at 248 nm 193 nm and 157 nm soft X-
rays at 3 to 20 nm an electron beam X-rays, and the
l'ike.

[ 0135]

As the method for formng 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
nm or nore and 300 nmor |less, a direct drawi ng using an
el ectron beam nanoi nprinting, or a conbination thereof.
[ 0136]
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The devel opnent nethod in the patterning process
is preferably al kali devel opnent or devel opnment using an
or gani ¢ sol vent.

[0137]

Next, etching is performed while using the
obt ai ned resi st upper layer filmpattern as a nmask. The
etching of a silicon-containing resist mddle |ayer film
or an inorganic hard mask m ddle layer filmin the
three-layer resist process is perfornmed while using the
resi st upper layer filmpattern as a mask by using a
fl uorocarbon-based gas. In this manner, a silicon-
containing resist mddle layer filmpattern or an
i norgani ¢ hard mask m ddle layer filmpattern is fornmed.
[ 0138]

Next, the resist underlayer 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 resist
underlayer filmis preferably perfornmed using an etching
gas mainly containing an oxygen-based gas.

[0139]

The subsequent etching of a body to be processed
may al so be perfornmed according to a usual manner. For
exanple, in the case of a body to be processed made of
Si G, SiN or 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
simul taneously with the substrate processing.

[ 0140]
The resist underlayer film obtained by using the
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i nventive conposition for formng a resist underl ayer
filmis characterized by its excellent etching

resi stance at the time 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, «a-Si, p-Si, Si02, Si N, Si ON,
W TiN, A, etc., those in which the |layers to be
processed are formed on the substrate, and the I|ike.
Exanpl es of the |ayers to be processed include various
lowk films such as those nade of Si, Si®, SiON, 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 When the layer to be processed is
formed, the substrate and the | ayer to be processed are
made of different materials.

[ 0142]

In the inventive patterning process, it is
possi ble to use, as the substrate to be processed, a
substrate having a structure or a step having a height
of 30 nm or nore.

[ 0143]
<Met hod for Form ng Resist Underlayer Filnp

The present invention provides a nmethod for
form ng a resist underlayer filmthat serves as an
organi c planarizing filmenployed in a sem conduct or
devi ce manufacturing process, the nethod incl uding:

spin-coating a substrate to be processed with the
above-descri bed conposition for form ng a resi st
underl ayer film and

heating the substrate coated with the conposition
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for formng a resist underlayer filmat a tenperature of
100°C or higher and 800°C or |lower for 10 to 600 seconds
to forma cured film

[0144]

The present invention also provides a nethod for
formng a resist underlayer filmthat serves as an
organi c planarizing filmenployed in a sem conduct or
devi ce manufacturing process, the nethod including:

spin-coating a substrate to be processed with the
above-descri bed conposition for form ng a resi st
under |l ayer film and

heating the substrate coated with the conposition
for formng a resist underlayer film under an atnosphere
with an oxygen concentration of 1% or nore and 21% or
less to forma cured film
[ 0145]

Alternatively, the present invention provides a
met hod for formng a resist underlayer filmthat serves
as an organic planarizing filmenployed in a
sem conductor device manufacturing process, the nethod
i ncl udi ng:

spin-coating a substrate to be processed with the
above-descri bed conposition for form ng a resi st
under |l ayer film and

heating the substrate coated with the conposition
for formng a resist underlayer film under an atnosphere
with an oxygen concentration of less than 1%to forma
cured film
[ 0146]

In the inventive nethod for form ng a resi st
underlayer film the substrate to be processed is coated
with the conmposition for formng a resist underl ayer

filmby a spin-coating nmethod or the like. Using the
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spin-coating or the like ensures a desirable filling
property. After spin-coating, baking is perforned so as
to evaporate the organic solvent and pronote a
crosslinking reaction to prevent mxing with the resist
upper |ayer filmor the resist mddle |ayer film The
baking is preferably performed at a tenperature of 100°C
or higher and 800°C or | ower, preferably 300°C or higher
and 800°C and | ower, and nore preferably 450°C or higher
and 800°C or lower for 10 seconds to 600 seconds,
preferably 10 to 300 seconds. By adjusting the baking
tenperature and tinme appropriately within the above
ranges, it is possible to achieve planarizing and
filling properties and curing property, such as dry
etching resistance and heat resistance, suitable for the
purpose. By perform ng the baking within the
t enperature range of 450°C or higher and 800°C or | ower,
particul arly excellent dry etching resistance can be
achi eved. \When the baking tenperature is 100°C or
hi gher, curing progresses sufficiently, and mxing with
the resist upper layer filmor the resist mddle | ayer
filmcan be suppressed. When the baking tenmperature is
800°C or lower, thermal deconposition of the base resin
can be suppressed, and therefore, filmthickness does
not decrease, and a uniformfilm surface can be achieved.
[ 0147]

As the atnosphere during the baking, it is
possi ble to select, as necessary, an oxygen-contai ni ng
at nosphere (oxygen concentration: 1% to 21%, such as
air, or a non-oxygen atnosphere, such as nitrogen. For
exanple, in a case where the substrate to be processed
easi |y undergoes air oxidation, danage to the substrate
can be suppressed by performng the heat treatnent in an

at nrosphere with an oxygen concentration of |ess than 1%
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to forma cured film
[ 0148]

In the method for form ng a resist underlayer film
using the inventive conposition for form ng a resi st
underlayer film it is preferable to use a substrate to
be processed having a structure or step having a hei ght
of 30 nmor nmore. As described above, the inventive
conposition for formng a resist underlayer film has
excellent filling and planarizing properties, so that a
flat cured filmcan be fornmed even when the substrate to
be processed has a step (irregularities) or structure
having a height of 30 nmor nore. The height of the
structure or step of the substrate to be processed is
preferably 30 nmor nore, nore preferably 50 nmor nore,
and further preferably 100 nmor nmore. |In the nmethod of
processi ng a stepped substrate having a pattern of the
above-descri bed height, filling and pl anarizing by
formng a filmof the inventive conposition for formng
a resist underlayer filmmkes it possible to achieve a
uniformfilmthickness in the subsequently fornmed resist
m ddl e | ayer film and resist upper layer film
Therefore, it is easy to ensure the exposure depth
margin (DOF) at the tinme of photolithography, which is
very desirable.

EXAMPLES
[ 0149]

The present invention is nore specifically
descri bed below with reference to Synt hesis Exanpl es,
Conparative 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
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(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 (Mwv Mh) was cal cul ated from these val ues.
[ 0150]

Synt hesi s Exanpl es: Synthesis of Polynmer (A

[ 0151]

[ Synt hesis Exanple 1] Synthesis of Polyner (Al)

Under a nitrogen atnosphere, 3.8 g of
met hanesul fonic acid and 30 g of nethylene chloride were
m xed together and honogeni zed at an internal
tenperature of 30°C. Subsequently, a m xed solution of
30.0 g of acenapht hyl ene and 60.0 g of nethyl ene
chlori de was added dropwi se over 1 hour, and the m xture
was heated and stirred at an internal tenperature of
35°C for 24 hours. The resultant was cooled to room
tenperature, and then 300 g of toluene was added thereto.
The resultant was washed six tinmes with 100 g of pure
water, and the organic |ayer was evaporated under
reduced pressure to dryness. After adding 90 g of THF
to the residue to yield a honbgeneous solution, a
crystal was precipitated in 600 g of methanol. The
precipitated crystal was separated by filtration, washed
twice with 300 g of nmethanol, and collected. The
collected crystal was vacuumdried at 70°C to obtain
28.7 g of a polymer (Al).

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.
(Al): Mw=2, 400, M/ Mh=1.93
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(A1)

[ 0152]
[ Synt hesis Exanple 2] Synthesis of Polyner (A2)

37.5 g of propylene glycol nononethyl ether
acetate (PGVEA) was heated and stirred under a nitrogen
at nosphere at 80°C. A m xture of 50.0 g of
acenapht hyl ene and 82.5 g of PGVEA and a m xture of 3.8
g of dinmethyl 2,2-azobis(2-nmethylpropionate) and 30.0 g
of PGVEA were added thereto sinultaneously and
separately over 2 hours. The obtained m xture was
further heated and stirred for 24 hours, and then cool ed
to roomtenperature. The reaction solution was added
dropwi se to 750 g of nmethanol to precipitate a polyner.
The precipitated crystal was separated by filtration,
washed twice with 300 g of nethanol, and collected. The
coll ected crystal was vacuumdried at 70°C to obtain
48.3 g of a polymer (A2).

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.

(A2): Ma=4,100, Mn/ WMn=1.73
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(A2)

[ 0153]
[ Synt hesis Exanple 3] Synthesis of Polyner (A3)

Under a nitrogen atnosphere, 3.8 g of
met hanesul fonic acid and 30 g of nethylene chloride were
m xed together and honmobgeni zed at an internal
tenperature of 30°C. Subsequently, a m xed solution of
15.0 g of acenaphthylene, 11.5 g of indene, and 60.0 g
of met hyl ene chlori de was added dropw se over 1 hour,
and the m xture was heated and stirred at an internal
tenperature of 35°C for 24 hours. The resultant was
cooled to roomtenperature, and then 300 g of toluene
was added thereto. The resultant was washed six tines
with 100 g of pure water, and the organic |ayer was
evapor at ed under reduced pressure to dryness. After
adding 90 g of THF to the residue to yield a honbgeneous
solution, a crystal was precipitated in 600 g of
met hanol. The precipitated crystal was separated by
filtration, washed twice with 300 g of nethanol, and
coll ected. The collected crystal was vacuumdri ed at
70°C to obtain 25.3 g of a polynmer (A3).

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.
(A3): Ma=2,100, Mw/ WMnh=1. 85
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(A3)

[ 0154]
[ Synt hesi s Exanple 4] Synthesis of Polyner (A4)

Under a nitrogen atnosphere, 3.8 g of
nmet hanesul fonic acid and 31.6 g of nmethylene chloride
were m xed together and honpbgeni zed at an internal
tenperature of 30°C. Subsequently, a m xed solution of
24.0 g of acenaphthylene, 7.6 g of 9-vinyl carbazole, and
63.2 g of nethylene chloride was added dropw se over 1
hour, and the resultant was heated and stirred at an
i nternal tenperature of 35°C for 24 hours. The
resultant was cooled to roomtenperature, and then 300 g
of toluene was added thereto. The resultant was washed
six times with 100 g of pure water, and the organic
| ayer was evaporated under reduced pressure to dryness.
After adding 95 g of THF to the residue to forma
honbgeneous solution, a crystal was precipitated in 630
g of methanol. The precipitated crystal was separated
by filtration, washed twice with 300 g of nethanol, and
collected. The collected crystal was vacuumdried at
70°C to obtain 30.1 g of a polynmer (A4).

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.
(A4): Mw=3,500, Mw Mh=2.05
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[ 0155]
[ Synt hesis Exanple 5] Synthesis of Polyner (A5)

37.5 g of propylene glycol nononethyl ether
acetate (PGVEA) was heated and stirred under a nitrogen
at nosphere at 80°C. A m xture of 38.0 g of
acenapht hyl ene, 12.0 g of 9-vinylcarbazole, and 82.5 g
of PGVEA and a m xture of 3.6 g of dimethyl 2,2-
azobi s(2-met hyl propi onate) and 30.0 g of PGVEA were
added thereto sinultaneously and separately over 2 hours.
The obtained m xture was further heated and stirred for
24 hours, and then cooled to roomtenperature. The
reaction sol ution was added dropwi se to 750 g of
met hanol to precipitate a polynmer. The precipitated
crystal was separated by filtration, washed twice with
300 g of methanol, and collected. The collected crystal
was vacuumdried at 70°C to obtain 46.8 g of a pol yner
(A5) .

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.

(A5): Ma=4,800, Mwn WMn=2.23
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[ 0156]
[ Synt hesis Exanple 6] Synthesis of Polyner (A6)

Under a nitrogen atnosphere, 5.7 g of
met hanesul fonic acid and 29.5 g of nmethyl ene chloride
were m xed together and honpbgeni zed at an internal
tenperature of 30°C. Subsequently, a m xed solution of
15.0 g of acenaphthylene, 6.9 g of indene, 7.6 g of 9-
vi nyl car bazole, and 59.0 g of nethylene chloride was
added dropwi se over 1 hour, and the m xture was heat ed
and stirred at an internal tenperature of 35°C for 24
hours. The resultant was cooled to roomtenperature,
and then 300 g of toluene was added thereto. The
resul tant was washed six times with 100 g of pure water,
and the organic | ayer was evaporated under reduced
pressure to dryness. After adding 90 g of THF to the
residue to yield a hombgeneous solution, a crystal was
precipitated in 600 g of methanol. The precipitated
crystal was separated by filtration, washed twice with
300 g of methanol, and collected. The collected crystal
was vacuumdried at 70°C to obtain 27.9 g of a pol yner
(AB) .

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.
(A6): Ma=4, 000, Mn WMn=2.15
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[ 0157]

Synt hesi s Exanpl es: Synthesis of Crosslinking Agent (B)
[ 0158]

[ Synt hesis Exanple 7] Synthesis of Crosslinking Agent
(B1)

Under an N atnosphere, 500 nmL of a 2.67 M hexane
solution of n-butyllithiumwas added to a m xed sol ution
of 219 g of bis(4-bromphenyl) ether and 1,000 nL of t-
butyl met hyl ether, which had been cooled to -20°C, and
the m xture was stirred at -20°C for 20 m nutes. 229 g
of 9-fluorenone was added, the tenperature was gradual ly
raised to roomtenperature, and the obtained m xture was
stirred at roomtenperature for 4 hours. Water was
added to term nate the reaction. The resultant was
washed with water and concentrated under reduced
pressure. Subsequently, hexane was added, and the
generated solid was collected by filtration, washed wth
hexane, and dried under reduced pressure to obtain 293 ¢
of a crosslinking agent (B1l).

The wei ght - average nol ecul ar wei ght (Mw) and the
di spersity (M Mh) were determ ned by GPC, and the
follow ng results were obtained.

(B1l): Mw=540, Mw Mn=1.02

73



HO |'ID CDI|ID OH
Q.O O.

(B1)

[ 0159]
[ Synt hesis Exanple 8] Synthesis of Crosslinking Agent
(B2)

Under a nitrogen atnosphere, 168 g (0.54 nol) of
4, 4’ -di br onobi phenyl and 23.0 g (0.54 nol) of [ithium
chl ori de, which had been dissolved in 1,000 m of
dehydrat ed THF (tetrahydrofuran) beforehand, were added
to a 5-L four-necked flask, 26.4 g (1.09 mol) of
magnesi um havi ng been wei ghed and placed in the fl ask,
to a level to imerse the nmagnesium A small anount of
di bronoet hane was added to initiate a reaction, and then,
whil e mai ntaining the generation of heat, the rest of
the THF sol uti on was added dropw se over 3 hours. After
the addition had been conpleted, 500 m of THF was added,
and the resultant was aged under reflux for 8 hours to
prepare a Gignard reagent. After cooling the resultant
to an internal tenmperature of 55°C, 150 g (0.83 npol) of
9-fl uorenone, which had been dissolved in 400 m of
dehydr at ed THF beforehand, was added dropw se over 2
hours. After conpletion of the addition, the resultant
was aged under reflux for 5 and a half hours, the flask
was cooled in an ice bath, and the reaction was quenched
with 1,000 m of a saturated aqueous anmoni um chl ori de
solution and 1,000 m of pure water. In this event, a
white precipitate forned in the solution, and a
suspensi on was obtained. To the reaction solution, 150
m of MBK (nethyl isobutyl ketone) was added, the
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suspension was transferred to a separating funnel in the
state of a suspension, and the water |ayer was renoved.
Furthernmore, liquid-liquid separation washing was
performed with 500 mM of pure water, and then the
organi c | ayer was concentrated under reduced pressure.
Recrystallization was performed w th diisopropyl ether,
t he generated white crystal was obtained by filtering,
and dried to obtain 109 g of a crosslinking agent (B2).
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.
(B2): Ma=530, Mw~ Mh=1. 02

(B2)

[ 0160]
[ Synt hesi s Exanple 9] Synthesis of Crosslinking Agent
(B3)

A suspension of 30.0 g of the crosslinking agent
(Bl1) and 172.8 g of 1-butanol was formed under a
ni trogen atnosphere at an internal tenperature of 80°C.
16.8 g of nethanesul fonic acid was added slowy, and a
reaction was allowed to take place at an internal
tenperature of 100°C for 6 hours. The resultant was
cooled in an ice bath to precipitate a crystal. The
preci pitated crystal was then separated by filtration
washed twice with 200 g of butanol, washed three tinmes
with 200 g of diisopropyl ether, and collected. The
coll ected crystal was vacuumdried at 60°C to obtain

34.2 g of a crosslinking agent (B3).
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The wei ght - average nol ecul ar wei ght (Mw) and the
di spersity (M Mh) were determ ned by GPC, and the
follow ng results were obtained.
(B3): Mw=640, Mw Mn=1.01

(B3)

[0161]
Conpar ative Synthesis Exampl es: Synthesis of Conparative

Pol yner
In the syntheses of conparative polyners (Rl1) and
(R2), the conpound group G ((Gl) to (G3)) shown bel ow

was used.
LD
O, H Ho Q
HO O 7 HOJMOH .O
0

[ 0162]
[ Conparative Synthesis Exanple 1] Synthesis of

G3
(G1) (G2) 9

Conpar ative Polymer (R1)

The polymer reported in [Synthesis Exanmple 1] of
JP2021- 084974A was synthesized. Under a nitrogen
at nosphere, a suspension with an inner tenperature of
60°C was prepared from50.0 g of the conpound (Gl), 31.6
g of the conmpound (G2), and 300 g of 1, 2-dichl oroethane.
Then, 8 m of nethanesul fonic acid was sl owly added

thereto. After confirm ng that the heat generation had
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ended, the reaction was allowed to proceed with the
i nner tenmperature of 60°C for 6 hours. After cooling to
roomtenperature, 500 m of nethyl isobutyl ketone was
added to the resultant, and the organic |ayer was washed
six times with 100 g of pure water. Subsequently, the
organic | ayer was dried under reduced pressure. To the
resi due, 150 g of tetrahydrofuran (THF) was added to
form a honpgeneous solution. Thereafter, the pol yner
was reprecipitated with 1,000 g of hexane. The
precipitated polyner was separated by filtration, washed
twice with 300 g of hexane, and collected. The
coll ected polymer was vacuumdried at 50°C. Thus, a
conparative polymer (Rl) was obtained.

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.
(R1): Ma=2,120, Mw/ WMn=1. 83

Yoo
O O~ O K(o
D

[0163]
[ Conparati ve Synt hesis Exanple 2] Synthesis of
Conpar ative Pol ymer (R2)

The polymer reported in [Synthesis Exanple 1] of
JP2021- 138851A was synthesized. 54.5 g of fluorenol
(G3) and 200 g of 1,2-dichloroethane were m xed and the
tenperature was raised to 50°C. 20.3 g of
met hanesul fonic acid was slowy added dropw se, and the

m xture was heated and stirred at 70°C for 6 hours.
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After cooling to roomtenperature, 650 g of toluene was
added, the resultant was washed six times with 100 g of
pure water, and the organic |ayer was evaporated under
reduced pressure to dryness. To the residue, 200 g of
THF was added to form a honbgeneous sol uti on.
Thereafter, a crystal was precipitated in 600 g of
met hanol . The precipitated crystal was separated by
filtration, washed twice with 200 g of nethanol, and
collected. The collected crystal was vacuumdried at
70°C. Thus, 60.7 g of a conparative polynmer (R2) was
obt ai ned.

The wei ght - average nol ecul ar wei ght (Mw) and the
di spersity (Mv Mh) were determ ned by GPC, and the
follow ng results were obtained.
(R2): Ma=2, 700, Mwn/ Mnh=1. 39

AW
(R2)
[ 0164]

[ Conparative Synthesis Exanple 3] Synthesis of
Conparative Polymer (R3)

In a 200-nL flask, 15.2 g of acenaphthylene, 3.3 g
of 4-hydroxystyrene, and as a solvent, 60 g of 1, 2-
di chl or oet hane were placed. As a polynerization
initiator, 1 g of boron trifluoride was added, and after
raising the tenperature to 60°C, a reaction was all owed
to take place for 25 hours. To the reaction solution, 1
L of nethanol and 500 g of water was added to

precipitate a polynmer. The obtained white solid was
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collected by filtration and then dried to obtain 12 g of
a conparative polyner (R3).

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.
(R3): Mw=8, 800, Mwn Mn=1. 82

ii!iiOiTi ( ?(125
OH

(R3)

[ 0165]
[ Conparative Synthesis Exanple 4] Synthesis of
Conpar ative Polymer (R4)

Under a nitrogen atnosphere, 5.0 g of
met hanesul fonic acid and 30.0 g of nethylene chloride
were m xed together and honpbgeni zed at an internal
tenperature of 30°C. Subsequently, a m xed sol ution of
30.0 g of indene and 60.0 g of nethylene chloride was
added dropwi se over 1 hour, and the resultant was heated
and stirred at an internal tenperature of 35°C for 24
hours. After cooling to roomtenperature, 300 g of
tol uene was added. The resultant was washed six tines
with 100 g of pure water, and the organic |ayer was
evapor at ed under reduced pressure to dryness. To the
resi due, 90 g of THF was added to form a honpbgeneous
solution. Thereafter, a crystal was precipitated in 600
g of methanol. The precipitated crystal was separated
by filtration, washed twice with 300 g of nethanol, and
coll ected. The collected crystal was vacuumdri ed at
70°C to obtain 26.9 g of a conparative polymer (R4).

The wei ght - average nol ecul ar wei ght (Mw) and the
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di spersity (Mwv Mh) were determ ned by GPC, and the
follow ng results were obtained.
(R4): Mw=2,500, Mw/ Mh=1.83

(R4)

[0166]
[ Conparative Synt hesis Exanple 5] Synthesis of
Conpar ative Pol ymer (R5)

Under a nitrogen atnosphere, 1.9 g of
met hanesul fonic acid and 30.0 g of nmethyl ene chloride
were m xed together and honpbgeni zed at an internal
tenperature of 30°C. Subsequently, a m xed solution of
30.0 g of 9-vinylcarbazole and 60.0 g nethyl ene chl oride
was added dropw se over 1 hour, and the resultant was
heated and stirred at an internal tenperature of 35°C
for 24 hours. The resultant was cooled to room
tenperature, and then 300 g of toluene was added thereto.
The resultant was washed six tinmes with 100 g of pure
water, and the organic |ayer was evaporated under
reduced pressure to dryness. After adding 90 g of THF
to the residue to forma honogeneous solution, a crystal
was precipitated in 600 g of methanol. The precipitated
crystal was separated by filtration, washed twice with
300 g of nmethanol, and collected. The collected crystal
was vacuumdried at 70°C to obtain 29.3 g of a
conparative polymer (R5).

The wei ght - average nol ecul ar wei ght (Mw) and the
di spersity (Mwv Mh) were determ ned by GPC, and the
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follow ng results were obtained.
(R5): Ma=3,800, Mw Wn=2.18

[0167]
[ Conposition UDL-1 for Form ng Resist Underlayer Film

The polymer (Al), the crosslinking agent (Bl), and
a flowability accelerator (D-1) described |later as an
additive were dissolved at a ratio shown in Table 2 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 tonmo
BMLimted), and the solution was filtered through a
0.02-um membrane filter to prepare a composition (UDL-1)
for formng a resist underlayer film
[0168]

[ Preparation of Conpositions (UDL-2 to -10) for Form ng
Resi st Underl ayer Film and Conpositions (Conparative
UDL-1 to -7) for Form ng Resist Underlayer Filmfor
Conpar ati ve Exanpl es]

Each conposition was prepared in the sane manner
as UDL-1, except that the kind and the contai ned anpunt
of each conponent were as shown in Table 2. |In Table 2,
“-” indicates that the conponent was not used. The
followng formula (F-1) was used for the acid generator
(TAG, the following fornula (D-1) was used for the
flowability accelerator, and the followng formula (XL-
1) was used for the conparative crosslinking agent.
[0169]
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[ Acid Generator]
The acid generator (F-1) used in conpositions for

formng a resist underlayer filmis shown bel ow

N

(N H CF3CF>CF2S04

(F-1)

[ 0170]
[ Flowabi lity Accel erator]

The flowability accelerator (D-1) used in a
conposition for formng a resist underlayer filmis

shown in Table 1.

[ Tabl e 1]
Wei ght Wei ght
My reduction | reduction
Conpound (cal cul ated| rate (% rate (%
val ue) at 30°Ctojat 30°C to
190°C 350°C
0] O
@)\O/\-\/O\‘/‘\OJ'KQ
314 1 100
(D-1)
[0171]

[ Conparative Crosslinking Agent]
The conparative crosslinking agent (XL-1) used in

comparative UDL-5 is shown below.
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HaCO

(XL-1)
[0172]
[Tabl e 2]
Composi t ' N pol ymer Crosslinking Additive |Sol vent
for formng agent
resist (part b
under| ayer (part by mass) |(part by mass) P y (part by mass)
Film mass)
UDL- 1 AL (12) BL (3) F-1 (0.2) |PGVEAI CyHO (507 35)
UDL- 2 A2 (12) BL (3) F-1 (0.2) |PGVEA/ CyHO (507 35)
UDL- 3 A3 (12) BL (3) F-1 (0.2) |PGVEAI CyHO (50/ 35)
UDL- 4 A4 (12) BL (3) F-1 (0.2) |PGVEAl CyHO (50/ 35)
UDL-5 A5 (12) BL (3) F-1 (0.2) |PGVEAI CyHO (50/ 35)
UDL- 6 A6 (12) BL (3) F-1 (0.2) |PGVEAI CyHO (50/ 35)
UDL- 7 AL(E), RA(4). gy (3 F-1 (0.2) |PGVEA/ OyHO (50/ 35
: RE(o) (3) -1 (0.2) CYHO (501 35)
UDL- 8 AL (10) B2 (5) F-1 (0.2) |PGVEAI CyHO (507 35)
UDL- 9 Al (13.5) B3 (1.5) F-1 (0.2) |PGVEA/ CyHO (507 35)
UDL- 10 AL (12) B2 (3) i Eg) 2)  |paVEA OyHO (501 35)
comparative g (12) Bl (3) F-1 (0.2) |PGVEA/ OyHO (50/ 35)
nggra“"e R (12) Bl (3) F-1 (0.2) |PGVEA/ OyHO (50/ 35)
Sg'g?gra“"e R3 (12) Bl (3) F-1 (0.2) |PGVEA/ CyHO (50/ 35)
ng?jra“"e Al (12) F-1 (0.2) |PGVEA/ CyHO (50/ 35)
Sg'ﬂ?gra“"e Al (12) XL-1 (3) F-1 (0.2) |PGVEA/ CyHO (50/35)
comparative gy (1) Bl (3) F-1 (0.2) |PGVEA/ OyHO (50/ 35)
8‘[’)[‘_0";”3“” RS (12) Bl (3) F-1 (0.2) |PGVEA/ OyHO (50/ 35)
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[0173]

[ Sol vent Resi stance Eval uation and Fil m Thi ckness
Uniformty Evaluation (Exanples 1-1 to 1-10 and
Conpar ative Exanples 1-1 to 1-7)]

Each of the conpositions (UDL-1 to -10 and
conparative UDL-1 to -7) for formng a resist underl ayer
film prepared as descri bed above was respectively
applied onto a silicon substrate and baked at 350°C for
60 seconds. After that, the filmthickness fromthe
central portion to the peripheral portion of the
substrate was neasured and the average filmthickness (a
[nm) was cal cul ated. Subsequently, a PGVEA sol vent was
di spensed thereon, and the resultant was |left to stand
for 30 seconds, spin-dried, and baked at 100°C for 60
seconds to evaporate the PGVEA. The filmthickness (b
[nm) was then nmeasured. The difference between the
filmthicknesses (filmremaining percentage: (b/a) x
100) before and after the PGVEA treatnent was detern ned.

I n addition, regarding the film baked at 350°C
for 60 seconds, the filmthickness fromthe central
portion of the substrate to the peripheral portion was
measured. When the difference between the maxi mum fil m
thi ckness and the mininmumfilmthickness was | ess than
5% of the average filmthickness (a), the eval uation
“Good” was given, and when 5% or nore, the evaluation
“Poor” was given.

The results are shown below in Table 3.
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[0174]

[ Tabl e 3]
Ei | m After Film
Conposition t hi ck- PGVEA Film t hi ck-
for formng ness treat- | remaining ness
Exanpl e resist (a) ment |percentage|uniform
under | ayer (b) ity
film b/a x 100
nm nm (% -
Exanple 1-1 |UDL-1 100.9 | 100. 8 100% Good
Exanple 1-2 |UDL-2 103.4 | 103.4 100% Good
Exanple 1-3 UDL- 3 101.4 | 101. 4 100% Good
Exanple 1-4 |UDL-4 103.2 | 103.1 100% Good
Exanple 1-5 UDL- 5 104.7 | 104.7 100% Good
Exanple 1-6 |UDL-6 100.1 100 100% Good
Exanple 1-7 UDL- 7 102.6 | 102.5 100% Good
Exanple 1-8 |UDL-8 101.5 | 101.6 100% Good
Exanple 1-9 |UDL-9 101.7 | 101.7 100% Good
Exanpl e 1-10 [UDL-10 85.7 85.6 100% Good
Conparative |Conparative 0
Exanpl e 1-1 |UDL- 1 116. 4 | 116. 4 100% Good
Conparative |Conparative 0
Exanpl e 1-2 |UDL-2 113.6 | 113.5 100% Good
Conparative |Conparative 0
Exanpl e 1-3 |UDL- 3 104.7 | 104.7 100% Good
Conparative |Conparative 0
Exanpl e 1-4 |UDL- 4 83.7 82.4 98% Poor
Conparative |Conparative 0
Exanpl e 1-5 |UDL-5 98.6 98.6 100% Good
Conparative |Conparative 0
Exampl e 1-6 |UDL- 6 64.7 | 64.7 100% Poor
Conparative |Conparative 0
Example 1-7 |UDL-7 73.7 73.8 100% Poor
[ 0175]
As shown in Table 3, in Exanples 1-1 to 1-10,
where the inventive conpositions (UDL-1 to -10) for
formng a resist underlayer filmwere used, the film

remai ni ng percentage ((b/a)

rinsing was nore than 99%

and it

x 100) after

t he PGVEA

can be seen that a

crosslinking reaction took place and sufficient solvent
On the ot her

resi stance was exhi bited.

hand,

in

Conparative Exanple 1-4, where conparative UDL-4,
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cont ai ni ng no crosslinking agents, was used, solvent
resi stance was | ess than 99% possibly because
t hernosetting property was insufficient.

Meanwhil e, in Exanples 1-1 to 1-10, where the
I nventive conpositions (UDL-1 to -10) for formng a
resi st underlayer filmwere used, the difference between
the maxi mum filmthickness and the m nimum film
thi ckness of the filmthat had been baked at 350°C was
| ess than 5% of the average filmthickness (a), and it
was shown that filmthickness uniformty was good. On
t he other hand, in Conparative Exanple 1-4, Conparative
Exanpl e 1-6, and Conparative Exanple 1-7, where
conparative UDL-4, containing no crosslinking agents,
and conparative UDL-6 and -7, containing polyners
different fromthe present invention, were used, the
di fference between the maxi num fil mthickness and the
m ni mum filmthickness of the filmthat had been baked
at 350°C was 5% or nore of the average fil mthickness
(a). Thus, it was shown that filmthickness uniformty
was insufficient. Regarding conparative UDL-4, it is
conjectured that this is because the thernosetting
property of the polynmer was insufficient since no
crosslinking agents were contained, and thus, a |large
amount of uncured conponents of the polynmer sublinmed
during the baking at 350°C. Regarding conparative UDL-6
and -7, it is conjectured that the above is because the
heat resistance of the polynmer was considerably | ow and
t hermal deconposition progressed drastically during the
baki ng at 350°C.
[0176]
[Filling Property and Fl atness Eval uati on (Exanples 2-1
to 2-10 and Conparative Exanples 2-1 to 2-6)]

Filling property evaluation: each of the
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conpositions (UDL-1 to -10 and conparative UDL-1 to -3
and -5 to -7) for formng a resist underlayer filmthat
were favorable in the solvent resistance eval uati on was
respectively applied onto an Si O wafer substrate having
a dense |ine-and-space pattern (line width = 60 nm 1|ine
depth = 100 nm distance between the centers of two
adj acent lines = 120 nm, followed by heating at 350°C
for 60 seconds by using a hot plate to forma resi st
underl ayer filmhaving a filmthickness of 100 nm The
substrate used was a base substrate 7 (Si O wafer
substrate) having a dense |ine-and-space pattern shown
in FIG 2(G (downward view) and (H) (cross-sectional
Vi ew) .

The cross-sectional shape of each of the obtained
waf er substrates was observed using an el ectron
m croscope (S-4700: manufactured by Hitachi, Ltd.), and
t he presence/ absence of voids (gaps) inside the resist
underlayer filmfilling the space between the |ines was
confirmed. Table 4 shows the results. In this
eval uati on, when a conposition for formng a resist
under |l ayer film having a poor filling property is used,
voi ds are generated inside the resist underlayer film
filling the space between the lines. |In this evaluation,
when a conposition for form ng a resist underlayer film
having a desirable filling property is used, as shown in
FIG 2(1), the inside of the resist underlayer film
filling the space between the lines of the base
substrate 7 having the dense |line-and-space pattern is
filled with a void-free resist underlayer film 8.
[0177]

Fl at ness eval uati on: regardi ng base substrates 9
(Si & wafer substrates) each having a dense |ine-and-

space pattern shown in FIG 3(J), the cross sectiona
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shape of each of the wafer substrates obtained in the
filling property evaluation as shown in FIG 3(K) was
observed using a scanning electron m croscope (SEM, and
the step Delta 10 between the |line-pattern-dense portion

and the non-line-pattern portion of the resist

under | ayer

film 10 was observed using an el ectron

m croscope (S-4700: manufactured by Hitachi,

t he present eval uati on,

it can be said that the small er

the step, the better the planarizing property.
Table 4 shows the results.

[0178]
[ Tabl e 4]

Conposition | Fj||ing Fi

for formng |property at ness

Exanpl e resi st

Underl ayer Vo| dS nm

film
Exanple 2-1 |UDL-1 Absent 48
Exanple 2-2 |UDL-2 Absent 49
Exanpl e 2-3 |UDL-3 Absent 45
Exanpl e 2-4 |UDL-4 Absent 46
Exanple 2-5 |UDL-5 Absent 48
Exanpl e 2-6 |[UDL-6 Absent 42
Exanple 2-7 |UDL-7 Absent 42
Exanpl e 2-8 |UDL-8 Absent 49
Exanple 2-9 [UDL-9 Absent 47
Exanpl e 2-10 |UDL- 10 Absent 44
Conpar ative |Conparative
Exanpl e 2-1 |UDL-1 Absent 53
Conpar ati ve |Conparative
Exanpl e 2-2 |UDL- 2 Absent 55
Conpar ative |Conparative
Exanpl e 2-3 |UDL-3 Absent 45
Conpar ati ve |Conparative
Exanpl e 2-4 |UDL-5 Absent a7
Conpar ative |Conparative
Exanpl e 2-5 |UDL-6 Absent 43
Conpar ative |Conparative
Exanpl e 2-6 |UDL-7 Absent 42
[0179]

As shown in Tabl e 4,

it was successfully confirmed
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that in Exanples 2-1 to 2-10 using the inventive
conpositions (UDL-1 to -10) for form ng a resi st
underlayer film it was possible to fill the dense |ine-
and- space pattern w thout the generation of voids, and
excellent filling property was provided. Furthernore,
it was observed that the step in the film between the
patterned portion and the non-patterned portion was
smal | er and planarizing property was better than in
Conpar ative Exanple 2-1 and Conparative Exanple 2-2,
usi ng conparative polynmers RL and R2, which were
reported in JP2021-084974A and JP2021- 138851A as

pol ymers havi ng excellent resistance to dry etching
duri ng substrate processing.

Conmpari ng Exanmples 2-1 to 2-4, UDL-3 and UDL-4, in
whi ch the polymer had a structure of the general fornula
(1A) and a structure of the general fornulae (1B), were
used in Exanple 2-3 and Exanple 2-4, and better fl atness
was achi eved in Exanple 2-3 and Exanple 2-4. This is
t hought to be because thermal flowability was enhanced
by the structure of the general fornulae (1B) being
i ncor por at ed.

Meanwhi | e, conpari ng Exanple 2-8 and Exanple 2-10,
better flatness was achieved in Exanple 2-10. This is
t hought to be because thermal flowability was enhanced
by the flowability accel erator (D-1) being contai ned.

[ 0180]
[ Etchi ng Resi stance Eval uation (Exanmples 3-1 to 3-10 and
Conparative Exanples 3-1 to 3-6)]

Each of the conpositions (UDL-1 to -10 and
conparative UDL-1 to -3 and -5 to -7) for formng a
resi st underlayer film which had favorabl e sol vent
resi stance evaluation in the above, was respectively

applied onto a silicon substrate and heated by using a
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hot plate at 350°C for 60 seconds to forma resist

underlayer film and the filmthickness “a” was neasured.
Subsequently, etching was performed with CFs gas under
the followi ng conditions by using an etchi ng apparatus
Tel i us manufactured by Tokyo Electron Ltd., and the film
t hi ckness “b” was measured. Then, the filmthickness
etched in 1 mnute was cal cul ated as an etching rate A
(nmmn) fromthe filmthickness etched (filmthickness
“a” - filmthickness “b”) by the CFs gas in a specified
time. In addition, separately fromthe above, a
substrate heated at 350°C for 60 seconds was fabricated
and heated at 500°C for 90 seconds under a nitrogen
streamin which the oxygen concentration was controll ed
to 0.2%or less to forma resist underlayer film Then,
the filmthickness “c” was neasured. Subsequently,
etching was performed with CFs gas under the follow ng
conditions by using an etching apparatus Telius
manuf act ured by Tokyo El ectron Ltd., and the film

t hi ckness “d” was measured. Then, the filmthickness
etched in 1 mnute was cal cul ated as an etching rate B
(nmmn) fromthe filmthickness etched (filmthickness
“c” - filmthickness “d”) by the CFs gas in a specified
time. A smaller value of the etching rate indicates
that the conposition has better resistance to etching
with the CFs gas.

The etching resistance of the filnms baked at 500°C
and that of the filns baked at 350°C were conpared, and
the effect of the 500°C-baking on the inprovenent of
etching resistance (etching rate A (nmmn) - etching
rate B (nmmn)) was cal cul at ed.

The etching conditions were as shown bel ow.

[0181]
Conditions of dry etching with CFs gas
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Chanber pressure: 50 nrl
RF- power (upper portion): 500 W
RF- power (|l ower portion): 300 W
CFs gas flow rate: 150 sccm
CHFs: gas flow rate: 50 sccm
Time: 30 sec
[0182]
[ Tabl e 5]
Conp05|t!on CF4 etching | CFs etching | pr ovement
for formng rate rate of f ect
Exanpl e resi st A(nm m n) B(nm m n)
under | ayer o 350°C + .
Fi1m 350°C 500° C nm mn
Exanple 3-1 |UDL-1 65 57 8
Exanple 3-2 |UDL-2 67 60 7
Exanpl e 3-3 |UDL-3 67 60 7
Exanpl e 3-4 |UDL-4 68 61 7
Exanpl e 3-5 |UDL-5 70 63 7
Exanpl e 3-6 |UDL-6 68 60 8
Exanpl e 3-7 |UDL-7 68 61 7
Exanpl e 3-8 |UDL-8 68 60 8
Exanmpl e 3-9 |UDL-9 66 58 8
Exanpl e 3-10 |UDL- 10 67 59 8
Conparative |Conparative
Exanple 3-1 |UDL-1 85 82 3
Conpar ative |Conparative
Exanpl e 3-2 |UDL-2 69 67 2
Conpar ative |Conparative
Exanpl e 3-3 |UDL-3 4 1 3
Conparative |Conparative
Exanpl e 3-4 |UDL-5 7 4 3
Conpar ative |Conparative
Exanpl e 3-5 |UDL-6 5 72 3
Conpar ative |Conparative
Exanpl e 3-6 |UDL-7 83 80 3
[0183]

As shown in Table 5,

it was shown that the etching

rate of the 350°C-baked films using the CFs gas was 70

nm mn or

i nventive conpositions (UDL-1 to -10) for
and that the

resi st

under | ayer

filmwere used,
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conpositions exhi bited excellent etching resistance.
Furthernmore, the etching resistance of the filnms baked
at 500°C under a nitrogen streamin which the oxygen
concentration was controlled to 0.2% or | ess was even
better, and an inprovenent in etching rate of nore than
5 nmmn fromthe 350°C-baked film was observed. This
is conjectured to be because the inventive conpositions
for formng a resist underlayer film were high-carbon
materials that actively undergo thermal deconposition of
the cured filmdue to high-tenperature baking, and

t herefore, when the conpositions were baked at 500°C
under a nitrogen streamin which the oxygen
concentration was controlled to 0.2% or |ess,
deconpositi on and reconbi nati on of carbon bonds occurred,
and the cured film becanme dense.

Conparing UDL-1, in which the polynmer (Al),
synt hesi zed by cationic polynerization, was used, and
UDL-2, in which the polynmer (A2), synthesized by radica
pol yneri zati on, was used, UDL-1 achi eved better etching
resi stance results. This is conjectured to be because
in radical polymerization, to the polymer is introduced
a termnal structure containing heteroatons, such as
oxygen and nitrogen, other than carbon, originating from
the radical initiator, which degrade etching resistance,
but in cationic polynerization, there is no such
I nconveni ence.

Pol ymers having a fluorene skeleton are known as
mat eri al s having excellent etching resistance in
substrate processing, but in Conparative Exanple 3-1,
usi ng the conparative polynmer R1l, the film baked at
350°C had insufficient etching resistance. It is
conjectured that the ether chain in the polymer had an

effect on the degradation of the etching resistance.
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W02014/ 066268A2 reports a conbi nation of the
crosslinking agent contained in the inventive
conposition for formng a resist underlayer filmand a
pol yether. This invention is for a purpose different
fromresist underlayer films, but if this conposition
was used for a resist underlayer film it is assuned
that etching resistance would be insufficient for the
sanme reason as Conparative Exanple 3-1. Meanwhile, it
I's conjectured that the etching resistance of
conparative UDL-3, containing conparative polyner R3,
was degraded conpared to UDL-1, since conparative UDL-3
contai ned a pol ymer having hydroxy groups. For the
above reasons, it is necessary for the inventive
conposition for formng a resist underlayer filmto
contain no oxygen atons, which degrade etching

resi stance, in the pol yner.

Meanwhi |l e, in Conparative Exanple 3-2, using
conparative polymer R2, which is reported in JP2021-
138851A as a polyner having excellent dry etching
resi stance in substrate processing, no oxygen atonms to
degrade etching resistance were contai ned, and therefore,
t he 350°C-baked film exhibited excellent etching
resi stance, but little inprovenent effect was achi eved
on the baking at 500°C. This is conjectured to be
because conparative UDL-2 had excell ent heat resistance,
unli ke the inventive conpositions for form ng a resist
underl ayer film and therefore, the densification of the
cured filmwas not pronoted in the baking at 500°C.

| n Conparative Exanples 3-4 to 3-6, using
conparative UDL-5, in which the crosslinking agent was
changed to XL-1, or using conmparative UDL-6 to -7, in
whi ch only the polynmers having the structure represented

by the general fornulae (1B) (conparative polyners R4
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and R5) were used as polyners, the etching resistance at
the time of the baking at 350°C was insufficient, and

t he i nprovenent effect on baking at 500°C was al so small.
It is conjectured that, although conparative polynmers R4
and R5 are also polyners that actively undergo thernal
deconposi tion due to high-tenperature baking, the
sublimati on of | ow nol ecul ar wei ght conponents due to

t hermal deconposition was dom nant, and it was harder
for the densification of the cured filmto progress than
t he polymer (Al).

I n other words, in order to forma resist
under | ayer film having excellent etching resistance, the
conbi nati on of the polymer having the structure
represented by the general formula (1A) and the
crosslinking agent represented by the general formula
(B-1) is necessary.

[ 0184]
[ Patterning Process (Exanples 4-1 to 4-10 and
Conparative Exanples 4-1 to 4-6)]

Each of the conpositions (UDL-1 to -10,
conparative UDL-1 to -3, and conparative UDL-5 to -7)
for formng a resist underlayer filmwas respectively
applied onto a silicon wafer substrate on which an Si O
film having a trench pattern (trench width: 10 um,
trench depth: 0.10 um) was formed, and baked at 350°C
for 60 seconds in the atnosphere. After that, the
resul tant was heated at 500°C for 90 seconds under a
nitrogen streamin which the oxygen concentration was
controlled to 0.2% or less to forma resist underl ayer
filmhaving a thickness of 100 nm A silicon-containing
resist mddle layer filmmterial (SOG 1) was applied
t hereto, followed by baking at 220°C for 60 seconds to
forma resist mddle |ayer filmhaving a thickness of 20
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nm A nonol ayer resist for ArF as a resist upper |ayer
filmmaterial was applied thereto, foll owed by baking at
105°C for 60 seconds to forma photoresist filmhaving a
t hickness of 100 nm A liquid imrersion 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

[ 0185]

The silicon-containing resist mddle |ayer film
materi al (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 Sumtono 3MLimted) in the
proportion shown in Table 6; and filtering the solution
through a filter made of a fluororesin and having a pore

size of 0.1 um.

[ 0186]
[ Tabl e 6]
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)
[0187]

The structural fornulae of the used ArF silicon-
containing mddle layer film polymer (SiPl) and thernma

crosslinking catal yst (CAT1) are shown bel ow.
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[ 0188]

The resi st
resist for

(RP1),
(Am nel),

sol vent

SiP1

Mw3,400

an aci d generator

upper | ayer

ArF) was prepared by dissolving a pol yner

( PAGL),

filmmteri al

each in the proportion shown in Table 7,

containing 0.1% by mass of a surfactant

4430: manufactured by Sumtono 3M Limted),

CAT1

(nonol ayer

and a basic conpound

in a
(FC-

and

filtering the solution through a 0.l1-um filter made of a

fl uororesin.

[ 0189]
[ Tabl e 7]
Aci d Basi c
Pol ymer gener at or conmpound Sol vent
(parts by (parts by | (parts by (parts by
mass) mass)
mass) mass)
Nﬁi;;iier RP1 PAGL Ani nel PGVEA
for ArE (100) (6.6) (0.8) (2,500)
[ 0190]
The polymer (RP1l), the acid generator (PAGl), and

t he basic compound (Am nel) used for

| ayer
bel ow.

filmmteri al

(nonol ayer
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[ 0191]

The liquid imersion top coat conposition (TC-1)
was prepared by dissolving a top coat polymer (PPl) in
an organic solvent at the proportion shown in Table 8,
and filtering the solution through a 0.l1-um filter made
of a fluororesin.

[0192]
[ Tabl e 8]
Top coat Organi ¢ sol vent
pol yner (parts by mass)
(parts by mass)
TC-1 PP1 Di i soanyl ether (2,700)
(100) 2-met hyl - 1- but anol (270)
[ 0193]

The top coat polynmer (PPl) used for the liquid
I mmersion top coat conposition (TC-1) is shown bel ow
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oliNe oo
CF3 OH
OH CF3
CF3
PP1
Mw8,800
[ 0194]

Then, the substrate was exposed to light with an
ArF liquid i mersion exposure apparatus (NSR-S610C
manufactured by Nikon Corporation, NA: 1.30, o:
0.98/0.65, 35° s-polarized dipole illum nation, 6%
hal ft one phase shift mask), baked at 100°C for 60
seconds (PEB), and devel oped with a 2.38% by nass
aqueous solution of tetranmethyl ammoni um hydroxi de ( TMAH)
for 30 seconds, thereby obtaining a 55 nm 1:1 positive
| i ne-and-space pattern (a resist upper layer film
pattern).

[ 0195]

Subsequently, the resist mddle |layer film was
etched by dry etching by using an etching apparatus
Tel i us manufactured by Tokyo Electron Ltd. while using
the resist upper layer filmpattern as a mask to forma
resist mddle layer filmpattern. The resist underlayer
filmwas then etched while using the obtained resi st
m ddle |layer filmpattern as a mask to form a resi st
underl ayer filmpattern, and the SiG fil mwas etched
whil e using the obtained resist underlayer filmpattern
as a mask. The etching conditions were as foll ows.

[ 0196]
Conditions in transferring resist upper layer film
pattern to resist mddle layer film
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Chanber pressure: 50 nrl

RF- power (upper portion): 500 W

RF- power (|l ower portion): 300 W

CFs gas flow rate: 150 sccm

CHFs: gas flow rate: 50 sccm

Time: 15 sec
[0197]
Conditions in transferring resist mddle |ayer film
pattern to resist underlayer film

Chanber pressure: 10 mrl

RF- power (upper portion): 1,000 W

RF- power (|l ower portion): 300 W

CO, gas flow rate: 320 sccm

N> gas flow rate: 80 sccm

Time: 30 sec
[ 0198]
Conditions in transferring resist underlayer film
pattern to SIiQ film

Chanber pressure: 10 mrl

RF- power (upper portion): 100 W

RF- power (|l ower portion): 800 W

CFs gas flow rate: 25 sccm

CHF3 gas flow rate: 15 sccm

O, gas flowrate: 5 sccm

Time: 100 sec
[ 0199]

Table 9 shows the results obtai ned by observation
of the pattern cross section with an electron m croscope
(S-4700) manufactured by Hitachi, Ltd.
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[Tabl e 9]

Conposition , CD after LWR after
: Pattern profile
for formng . substrate | substrate
. after etching for . :
Exanpl e resi st . processi ng | processi ng
transferring to
under | ayer
: substrate nm nm
film
Exanple 4-1 |UDL-1 Vertical profile 50. 8 2. 86
Exanple 4-2 |UDL-2 Vertical profile 50.9 2.94
Exanpl e 4-3 |UDL-3 Vertical profile 50.5 2. 87
Exanmpl e 4-4 |UDL-4 Vertical profile 50. 6 2.88
Exanmpl e 4-5 |UDL-5 Vertical profile 50.7 2.93
Exanple 4-6 |UDL-6 Vertical profile 50. 4 2.94
Exanple 4-7 |UDL-7 Vertical profile 50.5 2.92
Exanpl e 4-8 |UDL-8 Vertical profile 50.7 2. 86
Exanple 4-9 |UDL-9 Vertical profile 50. 8 2.85
Exanpl e 4-10 |UDL- 10 Vertical profile 50.8 2.86
Conmparative |Conparative , ,
Exanpl e 4-1 |UDL-1 Vertical profile 48. 6 3.25
Comparative |Conparative , ,
Exanpl e 4-2 |UDL- 2 Vertical profile 49.7 3.15
Conparative |Conparative , :
Exanpl e 4-3 |UDL- 3 Vertical profile 47.9 3.17
Comparative |Conparative , .
Exanpl e 4-4 |UDL-5 Vertical profile 49. 4 3.19
Comparative |Conparative : .
Exampl e 4-5 |UDL-6 Vertical profile 49.5 3.18
Conparative |Conparative , .
Exanpl e 4-6 |UDL-7 Vertical profile 48. 7 3.21
[ 0200]

As shown in Table 9,

in Exanples 4-1 to 4-10,

usi ng the inventive conpositions (UDL-1 to -10) for

formng a resist

under | ayer

film the

resi st

upper

| ayer

filmpattern was desirably transferred to the substrate

in the end in every case.

It was thus confirnmed that

the inventive conposition for formng a resi st

under |l ayer filmcan be suitably used for

using the nultilayer

LWR after

On the other

hand,

resi st

met hod.

In addition,

fine processing

t he

t he substrate processing was al so favorable.
i n Conparative Exanmples 4-1 to 4-6,

usi ng conparative UDL-1 to -3 and conparative UDL-5 to

-7,

which were found to have insufficient
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resi stance conpared to the inventive conpositions for
form ng a resist underlayer filmin the above-described
etching resistance evaluation, the pattern profile after
the etching to transfer the pattern to the substrate was
a vertical profile, but degradation in LWR was observed
after the substrate processing.

[ 0201]

It was thus reveal ed that the inventive
conposition for formng a resist underlayer film has
both high filling/planarizing properties and dry etching
resi stance, and therefore, is significantly useful as a
resi st underlayer film conmposition used in the
mul til ayer resist nethod, and that the inventive
patterni ng process using this conposition is capable of
formng fine patterns with a high degree of accuracy
even when a body to be processed is a substrate having a
step. It was also revealed that according to the
i nventive nmethod for formng a resist underlayer film a
voi d-free resist underlayer filmcan be forned even when
the body to be processed is a stepped substrate.

[ 0202]

The present description includes the follow ng
enmbodi nent s.

[1]: A conposition for formng a resist underl ayer
film conmprising: (A) a polynmer having a structure
represented by the follow ng general fornula (1A); (B) a
crosslinking agent represented by the foll owi ng general
formula (B-1); and (C) an organic solvent, wherein the
pol ymer (A) contains no hydroxy groups and the
crosslinking agent (B) is contained in an amount of 5 to
50 parts by mass relative to 100 parts by mass of the

polymer (A),

101



(1A)

wherein R: represents a hydrogen atom a hal ogen atom
or a linear, branched, or cyclic hydrocarbon group

having 1 to 20 carbon atons,

wa

wherein W and W each independently represent a benzene
ring or a naphthal ene ring optionally having a
substituent, each R independently represents a hydrogen
atom or a nonoval ent organic group having 1 to 20 carbon
atonms, and X represents a group represented by one of
the follow ng formulae (2),

o O OO OO = @

wherein “*” represents an attachnent point.

[2] : The conposition for form ng a resist
underl ayer filmof the above [1], further conprising a
pol ymer having partial structures represented by the

foll ow ng general fornulae (1B),

A7

N \ (1B)
/
RIZ / R4

wherein R 2, Rs3, and Rs each independently represent a

hydrogen atom a hal ogen atom or a linear, branched, or
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cyclic hydrocarbon group having 1 to 20 carbon atons.

[3]: The conposition for form ng a resist
under | ayer film of the above [1] or [2], wherein the
pol yner (A) has structures represented by the follow ng
general fornmulae (1C),

76
[ )@ o N (1C)
(D

A\Y ” A\Y ”

wherein “a”, “b”, and “c¢” satisfy a+b+c =1, 0.5 £ a <
0.9, and 0.1 £ b+c £ 0.5.

[4]: The conposition for form ng a resist
under | ayer film of any one of the above [1] to [3],
wherein the polynmer (A) has a wei ght-average nol ecul ar
wei ght Mwv of 500 to 5,000 as nmeasured by gel perneation
chromat ography in ternms of polystyrene.

[5]: The conposition for form ng a resist
underl ayer film of any one of the above [1] to [4],
wherein the crosslinking agent (B) satisfies 1.00 <
Mw/Mn < 1.25, where Mw 1s a weight-average molecular
wei ght and Mh is a nunber-average nol ecul ar wei ght
measured by gel perneation chromatography in terns of
pol ystyrene.

[6]: The conposition for formng a resist
under| ayer film of any one of the above [1] to [5],
conprising (D) a flowability accel erator having a wei ght
reduction rate of less than 30% at 30°C to 190°C and a
wei ght reduction rate of 98% or nore at 30°C to 350°C

[ 7] : The conposition for formng a resist
under |l ayer filmof the above [6], wherein the
flowability accel erator (D) contains one or nore

conpounds selected fromthe follow ng general fornulae

(i) to (iii),
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SRS
( R1%;ﬁzz::r/ o) o) rn1\\H::;3{-R1)ﬂ (i)

wherein each R! independently represents a hydrogen atom
a hydroxy group, or an optionally substituted organic
group having 1 to 10 carbon atons; W represents a

phenyl ene group, or a divalent group represented by the
foll ow ng general fornula (i-1); W and W each

I ndependently represent a single bond or a dival ent

group represented by one of the following fornulae (i-
2); “m” represents an integer of 1 to 10; and “n?”

represents an integer of 0 to 5,

R [r%
* w4 G *

. . wl—= (i—1)
R R13
10 11

m m

wherein “*” represents an attachnment point; R0, Rl R12
and R!3 each independently represent a hydrogen atom a
hydr oxy group, or an organic group having 1 to 10 carbon
atoms; WO and W! each i ndependently represent a single
bond or a carbonyl group; and “m? and “ntl” represent
an integer of 0 to 10, provided that mo+ntl > 1,

O
* Nk *,/u\\* (i—2)

wherein “*” represents an attachnent point,
W2 W4
(RZ ) i = \<\O’ #OH (i1)
N3~_ == m?

104



wherei n each R?2 i ndependently represents a hydrogen atom
or an optionally substituted organic group having 1 to
10 carbon atonms; W represents a dival ent group
represented by the follow ng general fornula (ii-1); W
represents a single bond or a divalent group represented
by one of the following fornmulae (ii-2); “nm” represents
an integer of 2 to 10; and “n3” represents an integer of
0 to 5,

< (7 [
AL

m21

(ii—1)

wherein “*” represents an attachment point; R0, R2l R22
and R23 each independently represent a hydrogen atom a
hydr oxy group, or an organic group having 1 to 10 carbon
atonms; and “nt%” and “n?tl” represent an integer of 0 to
10, provided that no+n¥l > 1,

@)
* Nk *)J\* (11—2)

wherein “*” represents an attachnent point,

R4
WP—R®
RS—Q/E/ (1i i)

W’ —R®
wherein R3 and R* each independently represent a
hydrogen atom a hydroxy group, or an optionally
substituted organic group having 1 to 10 carbon atons

and are optionally bonded to each other to forma cyclic

structure; R> and R each independently represent an
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organi c group having 1 to 10 carbon atonms, R°> being a
group containing an aromatic ring or a divalent group
represented by the follow ng general fornula (iii-1);
and W and W represent a single bond or a dival ent
group represented by one of the following fornulae (iii-
2), at |east one of W and W being a dival ent group

represented by one of the following fornmulae (iii-2),

*.O~ \N3°/O

*
™~ (iii—1)
wherein “*” represents an attachnent point; and WO

represents an organic group having 1 to 4 carbon atons,

O
% *
*)LO/ * o7 (iii—2)

wherein “*” represents an attachnent point.

[8]: The conposition for form ng a resist
under |l ayer film of any one of the above [1] to [7],
further conprising one or nore of (E) a surfactant, (F)
an acid generator, and (G a plasticizer.

[9]: A patterning process for form ng a pattern in
a substrate to be processed, conprising the steps of:

(1-1) applying the conposition for formng a
resi st underlayer film of any one of the above [1] to
[8] onto a substrate to be processed, foll owed by
heating to forma resist underlayer film

(1-2) formng a resist upper layer filmon the
resi st underlayer film by using a photoresist materi al;

(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 resist

underl ayer filmby dry etching while using the resist
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upper |ayer film having the fornmed pattern as a mask;
and

(1-5) 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.

[10]: A patterning process for form ng a pattern
in a substrate to be processed, conprising the steps of:

(1'1-1) applying the conposition for formng a
resi st underlayer film of any one of the above [1] to
[8] onto a substrate to be processed, foll owed by
heating to forma resist underlayer film

(1'1-2) formng a resist mddle layer filmon the
resi st underl ayer film

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

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

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

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

(I'l-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.

[11]: A patterning process for form ng a pattern

in a substrate to be processed, conprising the steps of:
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(1'11-1) applying the conposition for form ng a
resi st underlayer film of any one of the above [1] to
[8] onto a substrate to be processed, followed by
heating to forma resist underlayer 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
resi st underl ayer 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
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;

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

(I'l'1-8) 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.

[12] : The patterning process of any one of the
above [9] to [11], wherein the substrate to be processed
has a structure or a step with a height of 30 nmor nore.

[13]: A nmethod for form ng a resist underlayer
filmthat serves as an organic planarizing film enployed

in a sem conductor device manufacturing process, the
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met hod conpri sing:

spin-coating a substrate to be processed with the
conposition for form ng a resist underlayer film of any
one of the above [1] to [8]; and

heating the substrate coated with the conposition
for formng a resist underlayer filmat a tenperature of
100°C or higher and 800°C or |lower for 10 to 600 seconds
to forma cured film

[14] : A nethod for form ng a resist underlayer
filmthat serves as an organic planarizing film enpl oyed
in a sem conductor device manufacturing process, the
met hod conpri sing:

spin-coating a substrate to be processed with the
conposition for formng a resist underlayer film of any
one of the above [1] to [8]; and

heating the substrate coated with the conposition
for formng a resist underlayer film under an atnosphere
with an oxygen concentration of 1% or nore and 21% or
less to forma cured film

[15]: A nethod for form ng a resist underlayer
filmthat serves as an organic planarizing film enployed
in a sem conductor device manufacturing process, the
met hod conpri sing:

spin-coating a substrate to be processed with the
conposition for formng a resist underlayer film of any
one of the above [1] to [8]; and

heating the substrate coated with the conposition
for formng a resist underlayer filmunder an atnosphere
with an oxygen concentration of |less than 1%to forma
cured film

[16]: The method for form ng a resist underl ayer
filmof any one of the above [13] to [15], wherein the
substrate to be processed has a structure or a step with

109



a height of 30 nmor nore.
[ 0203]

It should be noted that the present invention is
not limted to the above-described enbodi nents. The
enbodi nents are just exanples, and any exanples that
have substantially the same feature and denonstrate the
same functions and effects as those in the technica
concept disclosed in claims of the present invention are

i ncluded in the technical scope of the present invention.
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CLAI M5

[Claim1]

A conposition for formng a resist underlayer film
conprising: (A) a polynmer having a structure represented
by the follow ng general formula (1A); (B) a
crosslinking agent represented by the foll owi ng general
formula (B-1); and (C) an organic solvent, wherein the
pol ymer (A) contains no hydroxy groups and the
crosslinking agent (B) is contained in an amount of 5 to
50 parts by mass relative to 100 parts by mass of the
polymer (A),

(1A)

wherein Ry represents a hydrogen atom a hal ogen atom
or a linear, branched, or cyclic hydrocarbon group

having 1 to 20 carbon atons,

wa

wherein W and W each independently represent a benzene
ring or a naphthal ene ring optionally having a
substituent, each R independently represents a hydrogen
atom or a nonoval ent organic group having 1 to 20 carbon
atonms, and X represents a group represented by one of
the follow ng formulae (2),

B o o S S T

wherein “*” represents an attachnment point.
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[ Claim 2]

The conposition for formng a resist underl ayer
filmaccording to claim1, further conprising a polyner
havi ng partial structures represented by the follow ng
general formul ae (1B),

/Jml\l/y N (1B)
3 SN
R 2 RS R4

wherein R 2, Rs3, and Rs each independently represent a
hydrogen atom a hal ogen atom or a linear, branched, or

cyclic hydrocarbon group having 1 to 20 carbon atons.

[ Claim 3]

The conposition for formng a resist underl ayer
filmaccording to claim1 or 2, wherein the polyner (A)
has structures represented by the foll ow ng general
formul ae (1C),

AT,
[ \2 b N (1C)
(I

wherein “a”, “b”, and “c¢” satisfy a+b+c =1, 0.5 £ a <

0.9, and 0.1 £ b+c £ 0.5.

[ Cl ai mA4]

The conposition for formng a resist underl ayer
filmaccording to any one of clainms 1 to 3, wherein the
polymer (A) has a wei ght-average nol ecul ar wei ght Mwv of
500 to 5,000 as neasured by gel perneation

chromat ography in ternms of pol ystyrene.
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[ Clai m 5]

The conposition for formng a resist underl ayer
filmaccording to any one of clainms 1 to 4, wherein the
crosslinking agent (B) satisfies 1.00 £ Mw/Mn < 1.25,
where Mv is a wei ght-average nol ecul ar wei ght and M is
a number - average nol ecul ar wei ght measured by ge

pernmeati on chromat ography in terns of polystyrene.

[ Cl ai m 6]

The conposition for formng a resist underl ayer
filmaccording to any one of clains 1 to 5, conprising
(D) a flowability accel erator having a wei ght reduction
rate of less than 30% at 30°C to 190°C and a wei ght
reduction rate of 98% or nmore at 30°C to 350°C.

[Claim 7]

The conposition for formng a resist underl ayer
filmaccording to claim6, wherein the flowability
accel erator (D) contains one or nore conpounds sel ected

fromthe follow ng general formulae (i) to (iii),

b
(R1@ oo m1\[}R1)n1 (1)

wherein each R! independently represents a hydrogen atom
a hydroxy group, or an optionally substituted organic
group having 1 to 10 carbon atons; W represents a

phenyl ene group, or a divalent group represented by the
foll ow ng general fornula (i-1); W and W each

i ndependent|ly represent a single bond or a dival ent

group represented by one of the followi ng fornulae (i-

2); “m” represents an integer of 1 to 10; and “n?l”
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represents an integer of 0 to 5,

R[5
* Wo—Lé . *

R‘H R13
10 1

m m

wherein “*” represents an attachnment point; R0, Rl R12
and R13 each independently represent a hydrogen atom a
hydr oxy group, or an organic group having 1 to 10 carbon
atoms; WO and W! each independently represent a single
bond or a carbonyl group; and “m9% and “ml” represent
an integer of 0 to 10, provided that mo+ml > 1,

O
% TN % *A* (i—2)

wherein “*” represents an attachnent point,

WP 4
(R2 ) . \QO’W ﬁ‘OH (i 1)
n3i__= m?

wherei n each R2 i ndependently represents a hydrogen atom
or an optionally substituted organic group having 1 to
10 carbon atons; W represents a dival ent group
represented by the follow ng general fornula (ii-1); W
represents a single bond or a divalent group represented
by one of the following fornmulae (ii-2); “nm” represents
an integer of 2 to 10; and “n3” represents an integer of
0 to 5,
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/RZO /RQQ\

* | | *

C C (ii—1)
R

m20 m21

wherein “*” represents an attachment point; R0, R2l R22
and R23 each independently represent a hydrogen atom a
hydr oxy group, or an organic group having 1 to 10 carbon
atons; and “n?%” and “n?l” represent an integer of 0 to
10, provided that n#o+n?l > 1,

@)
* Nk *)J\* (11—2)

wherein “*” represents an attachnment point,

R4
RO WP —R®
RS—!rAT (iii)
X
W

7_R6

wherein R® and R* each independently represent a
hydrogen atom a hydroxy group, or an optionally
substituted organic group having 1 to 10 carbon atons
and are optionally bonded to each other to forma cyclic
structure; R> and Ré each independently represent an
organi c group having 1 to 10 carbon atons, R° being a
group containing an aromatic ring or a divalent group
represented by the follow ng general fornula (iii-1);
and W and W represent a single bond or a dival ent
group represented by one of the following fornulae (iii-
2), at |east one of W and W being a dival ent group

represented by one of the following fornmulae (iii-2),
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*/O\mpfo\*

(iii—1)
wherein “*” represents an attachnent point; and WO
represents an organic group having 1 to 4 carbon atons,

O
o *
*)LO/ * o (iii—2)

wherein “*” represents an attachnent point.

[ Cl ai m 8]

The conposition for formng a resist underl ayer
filmaccording to any one of claims 1 to 7, further
conprising one or nore of (E) a surfactant, (F) an acid
generator, and (G a plasticizer.

[ Claim9]

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
resi st underlayer filmaccording to any one of clains 1
to 8 onto a substrate to be processed, followed by
heating to forma resist underlayer film

(1-2) formng a resist upper layer filmon the
resi st underlayer film by 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 resist
underl ayer 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
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whil e using the resist underlayer film having the forned
pattern as a mask to formthe pattern in the substrate

to be processed.

[ Cl aim10]

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
resi st underlayer filmaccording to any one of clains 1
to 8 onto a substrate to be processed, followed by
heating to forma resist underlayer film

(1'1-2) formng a resist mddle layer filmon the
resi st underl ayer film

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

(I1'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

(1'1-6) transferring the pattern to the resist
underl ayer 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 resist underlayer film having the forned
pattern as a mask to formthe pattern in the substrate
to be processed.

[Claim 11]
A patterning process for formng a pattern in a
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substrate to be processed, conprising the steps of:

(1'11-1) applying the conposition for form ng a
resi st underlayer filmaccording to any one of clains 1
to 8 onto a substrate to be processed, followed by
heating to forma resist underlayer 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
resi st underl ayer 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;

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

(I''1-8) 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.

[Claim 12]
The patterning process according to any one of
claims 9 to 11, wherein the substrate to be processed

has a structure or a step with a height of 30 nmor nore.
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[Claim 13]

A nmethod for form ng a resist underlayer filmthat
serves as an organic planarizing filmenployed in a
sem conductor device manufacturing process, the nethod
conpri si ng:

spin-coating a substrate to be processed with the
conposition for formng a resist underlayer film
according to any one of clains 1 to 8; and

heating the substrate coated with the conposition
for formng a resist underlayer filmat a tenperature of
100°C or higher and 800°C or |lower for 10 to 600 seconds

to forma cured film

[ Cl ai m 14]

A nmethod for form ng a resist underlayer filmthat
serves as an organic planarizing filmenployed in a
sem conductor devi ce manufacturing process, the nethod
conpri si ng:

spin-coating a substrate to be processed with the
conposition for formng a resist underlayer film
according to any one of clainms 1 to 8; and

heating the substrate coated with the conposition
for formng a resist underlayer filmunder an atnosphere
with an oxygen concentration of 1% or nore and 21% or

| ess to forma cured film

[Cl aim15]

A nmethod for form ng a resist underlayer filmthat
serves as an organic planarizing filmenployed in a
sem conductor devi ce manufacturing process, the nethod
conpri si ng:

spin-coating a substrate to be processed with the
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conposition for formng a resist underlayer film
according to any one of clainms 1 to 8; and

heating the substrate coated with the conposition
for formng a resist underlayer filmunder an atnosphere
with an oxygen concentration of |less than 1%to forma

cured film

[Claim16]

The nethod for formng a resist underlayer film
according to any one of clains 13 to 15, wherein the
substrate to be processed has a structure or a step with

a height of 30 nm or nore.
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