DESCRI PTI ON

TI TLE OF | NVENTI ON: COMPGOSI TI ON FOR FORM NG ADHESI VE
FI LM PATTERNI NG PROCESS, AND METHOD FOR FORM NG
ADHESI VE FI LM

TECHNI CAL FI ELD
[ 0001]

The present invention relates to: a conposition for
form ng an adhesive film a patterning process using the
conposition for formng an adhesive filnm and a method
for form ng an adhesive filmusing the conmposition for

form ng an adhesive film

BACKGROUND ART
[ 0002]

As higher integration and speed are achieved in
LSI, mniaturization of a pattern di nension progresses
rapidly. Along with this mniaturization, |ithography
t echni ques have achi eved formation of a fine pattern by
shortening a wavel ength of a light source and
appropriately selecting a resist conposition
corresponding thereto. A positive photoresist
conposition used in a single |ayer has been the key to
this achievenment. This single-layer positive
phot oresi st conposition contains a resist resin, which
has a skel eton having etching resistance against dry
etching with chlorine or fluorine gas plasm and a
resi st mechanismto cause dissolution of an exposed
portion such that the exposed portion is dissolved to
forma pattern and a substrate to be processed coated
with the photoresist conposition is processed by dry

etching while using the remaining resist pattern as an



et chi ng mask
[ 0003]

However, m niaturing, that is, reducing pattern
width while maintaining filmthickness of a photoresist
filmfor use results in reduced resolution performnce
of the photoresist film and pattern devel opnment of the
photoresist filmwth a devel oper |l eads to a so-called
hi gh aspect ratio, resulting in pattern coll apse.
Therefore, reduction of the filmthickness of the
photoresist film progresses along with the
m ni aturization.

[ 0004]

Meanwhi | e, commonly used for processing a substrate
to be processed is a nethod of processing the substrate
to be processed by dry etching while using a photoresi st
filmhaving a formed pattern as an etchi ng nmask.

However, in reality, there is no dry etching nethod
capabl e of securing conplete etch selectivity between

t he photoresist filmand the substrate to be processed.
Hence, the photoresist filmis also danaged and
col | apses during processing of the substrate to be
processed, making it inpossible to accurately transfer a
resist pattern to the substrate to be processed.
Accordingly, as mniaturization of a pattern has
progressed, higher dry etching resistance has becone
necessary for a photoresist conposition. Mreover, due
to shortening of an exposure wavel ength, a resin used in
t he photoresist conposition has beconme necessary to
absorb a smaller anpbunt of |ight at the exposure

wavel ength. Therefore, along with the changes to i-
line, KrF, and ArF, the resin also has been changed to a
novol ac resin, polyhydroxystyrene, and a resin having an

al i phatic polycyclic skeleton. However, in reality, an



etch rate has been increasing under the above-descri bed
dry etching conditions, and recent photoresist

conposi tions having high resolution tend to have rather
weak etching resistance.

[ 0005]

Accordingly, a substrate to be processed should be
processed by dry etching with a thinner photoresist film
havi ng weaker etching resistance, and it has becone an
urgent matter to secure a material and a process for
this processing step.

[ 0006]

One of nethods to solve such problems is a
mul tilayer resist nmethod. This nmethod includes:
interposing a resist mddle layer film having different
etch selectivity fromthat of a photoresist film(i.e. a
resi st upper layer film between the resist upper |ayer
filmand a substrate to be processed; giving a pattern
in the resist upper layer film followed by transferring
the pattern to the resist mddle |layer filmby dry
etching while using the resist upper layer filmpattern
as a dry etching mask; and further transferring the
pattern to the substrate to be processed by dry etching
while using the resist mddle layer filmas a dry
et chi ng mask
[ 0007]

One of the multilayer resist nethods is a three-
| ayer resist nmethod that can be perfornmed by using a
conmon resi st conmposition used in a single-layer resist
method. In this three-layer resist nethod, for exanple,
an organic filmof novolac or the like is deposited on a
substrate to be processed as a resist underlayer film a
silicon-containing filmis deposited thereon as a

silicon-containing resist mddle layer film and a



conmmon organi ¢ photoresist filmis formed thereon as a
resi st upper layer film In a case of dry etching with
fluorine gas plasm, the organic resist upper layer film
can have good etch selectivity to the silicon-containing
resist mddle layer filmand thus, a resist upper |ayer
filmpattern can be transferred to the silicon-
containing resist mddle |layer filmby using dry etching
with the fluorine gas plasma. Furthernore, in a case of
dry etching with an oxygen or hydrogen gas, the silicon-
containing resist mddle layer filmcan have good etch
selectivity to the resist underlayer filmand thus, the
pattern in the silicon-containing resist mddle |ayer
filmcan be transferred to the resist underlayer film by
etching with the oxygen or hydrogen gas. According to
this nmethod, even by using a photoresist conposition
which makes it difficult to forma pattern having film
t hi ckness sufficient for directly processing the
substrate to be processed or a photoresist conposition
having dry etching resistance insufficient for
processi ng the substrate, the pattern can be transferred
to the silicon-containing film (silicon-containing
resist mddle layer film, and the pattern having dry
etching resistance sufficient for processing can be
formed in the organic film (resist underlayer film of
novol ac or the like.
[ 0008]

In recent years, as a powerful technique to take
t he place of a combination of ArF imrersion |ithography
and multiple exposure process, vacuumultraviol et (EUV)
i thography with a wavel ength of 13.5 nmis attracting
attention. The use of this technique makes it possible
to forma fine pattern with a half pitch of 25 nm or

| ess in one exposure.



[ 0009]

Meanwhi l e, in EUV |ithography, higher sensitivity
Is strongly required for a resist material to conpensate
for insufficient output of a light source. However,

i ncrease in shot noise along with increasing sensitivity
| eads to increase in edge roughness (LER, LWR) of |ine
patterns, and how to achi eve both of higher sensitivity
and | ow edge roughness is considered as one of inportant
problens in EUV |ithography.

[ 0010]

As an attenpt to increase sensitivity of a resist
materi al and reduce the influence of shot noise, the use
of a nmetal material in the resist material has recently
been considered. A conpound containing a netallic
el ement such as barium titanium hafnium zirconium
and tin has a higher absorbance of EUV |Iight as conpared
with an organic material containing no netal, so that
enhanced photosensitivity of a resist and suppression of
the influence of shot noise can be expected.

Furthernmore, a netal-containing resist pattern in
conbination with a resist underlayer film mde of a non-
nmetal material is expected to achieve an etching process
with high selectivity.

[0011]

For example, a resist material with a netal salt or
an organonetal lic conplex added thereto (Patent
Docunents 1 and 2), and a non-chemcally anplified
resist material that uses nanoparticles of nmetal oxide
(Patent Docunents 3 and 4, Non Patent Docunment 1) have
been consi dered. However, resolution of these netal -
containing resists has not yet reached the |level to be
necessary for practical use, and further inprovenent in

the resolution is required.



[0012]

Furthermore, formation of a finer pattern is
becom ng possible due to the advent of ArF inmmersion
i thography, EUV |ithography, etc., while a snmall
contact area of an ultrafine pattern quite easily causes
col | apse and prevention of pattern collapse is a very
big problem Meanwhile, a residual resist at a bottom
of a pattern caused by insufficient output froma I|ight
source has cone to adversely affect the process.

[ 0013]

The difficulty in patterning increases due to the
m niaturization. At the same tinme, as a structure of a
sem conduct or device becones nmore conplex, a
manuf acturi ng process thereof also becones diverse,
whi ch | eads to necessity to performlithography on
various underlayer films. For the purpose of pattern
adhesi on and renoval of a residue at a bottomof a
pattern, attenpts have been nmade to form a resist
adhesive filmdirectly under a resist upper layer film
However, formation of the adhesive filmitself is
difficult especially when the underlayer filmis highly
hydr ophobi c.

[ 0014]

In order to prevent pattern collapse, materials
have been reported that inprove adhesi veness to a resist
upper |ayer filmby using a resist underlayer film
contai ning a polar functional group such as |lactone and
urea structures (Patent Docunents 4 and 5); or exanples
of inmprovenent of rectangularity of a resist pattern
have been reported (Patent Docunments 6 and 7). However,
a filmcannot be formed fromthese materials on a
hydr ophobi ¢ underlayer film or even if a filmcan be

formed, coll apse prevention performance and ability to



renove a residual resist at a bottomof a pattern are

i nsufficient.

Cl TATION LI ST

PATENT LI TERATURE

[ 0015]

Pat ent Docunent 1: JP 5708521 B2

Pat ent Docunment 2: JP 5708522 B2

Pat ent Docunent 3: US 9310684 B2

Pat ent Docunment 4: WO 2003/017002 Al
5: WO 2018/143359 Al
6: JP 2023-094359 A
7

JP 2024-027459 A

Pat ent Document
Pat ent Docunent
Pat ent Docunent

NON PATENT LI TERATURE

[ 0016]

Non Patent Docunment 1: Proc. SPIE Vol. 7969, 796915
(2011)

SUMVARY OF | NVENTI ON
TECHNI CAL PROBLEM
[0017]

The present invention has been nade in view of the
above circunstances, and ainms to provide: a conposition
for form ng an adhesive film provides an adhesive film
that in a fine patterning process of a nmultilayer resist
met hod in a manufacturing process of a sem conduct or
apparatus exhi bits favorabl e application perfornmance
even on a hydrophobi ¢ underl ayer filmand at the sane
time, having favorable pattern coll apse prevention
performance and ability to renove a residual resist at a
bottom of a pattern; a patterning process using the

conposition; and a nethod for form ng the adhesive film



SOLUTI ON TO PROBLEM
[ 0018]

To achieve the object, the present invention
provi des a conposition for form ng an adhesive film
i ncl udi ng:
(A) a resin containing a repeating unit represented by
the follow ng general formula (1) and a repeating unit
havi ng an organic sul fonyl anion structure; and

(B) an organic sol vent,

RU1

{/\’/y

X

(1)
A

HN O

.

ORO2

wherein X represents a single bond or an aromatic
ring having 20 or | ess carbon atons; ROl represents a
hydrogen atom or a nethyl group; RP2 represents a
hydrogen atom or a nonoval ent al kyl group having 1 to 10
carbon atons, and when R02 represents an al kyl group, a
hydrogen atom constituting the al kyl group is optionally
substituted with a hydroxy group.

[ 0019]

Wth such conposition for form ng an adhesive film
it is possible to secure favorable application
performance even on a hydrophobic underlayer film and
renove a residue at a bottomof a resist wthout
i ncreasi ng pattern roughness.

[ 0020]
Further in the present invention, a proportion of

the repeating unit represented by the general fornula



(1) is preferably 70 mol% or more and 99.9 mol% or less
relative to whole repeating units in the resin (A).
[ 0021]

Further in the present invention, a proportion of
t he repeating unit having the organic sul fonyl anion
structure is preferably 0.1 mol% or more and 30 mol% or
|l ess relative to whole repeating units in the resin (A).
[ 0022]

Wth such conposition for form ng an adhesive film
it is possible to secure favorable application
performance on various underlayer films, and renove a
residue at a bottomof a resist wi thout increasing
pattern roughness.

[ 0023]

Further in the present invention, the resin (A)
preferably has a wei ght average nol ecul ar wei ght of
1,000 to 70, 000.

[ 0024]

Such conposition for form ng an adhesive fil m has
excellent filmformability, and can reduce generation of
a sublimate during heat curing, thereby preventing the
sublimte from contam nati ng an appar at us.

[ 0025]

Further in the present invention, the organic
solvent (B) is preferably a m xture of one or nore kinds
of organic solvents having a boiling point of |ower than
150°C and one or nore kinds of organic solvents having a
boi ling point of 150°C or higher and | ower than 220°C.

[ 0026]

Such conposition for form ng an adhesive fil m has
sufficient solubility in a solvent, such that occurrence
of application defects can be reduced.

[ 0027]



Addi tionally, the present invention preferably
further includes at |east one or nore selected from (C)
a thermal acid generator, (D) a surfactant, and (E) a
crosslinking agent.

[ 0028]

The presence/ absence or sel ection of these various
addi ti ves enabl es fine adjustnment of performance
including filmformability, filling properties, optica
properties, reduction of sublimtes, etc. according to
customer requirenments, thereby offering practica
advant ages.

[ 0029]

Addi tionally, the present invention provides a
patterni ng process for formng a pattern in a substrate
to be processed, including the steps of:

(I-1) applying the above-described conposition for
form ng an adhesive filmon the substrate to be
processed and thereafter perform ng heat treatnent to
forman adhesive film

(1-2) formng a resist upper layer filmon the adhesive
filmusing a photoresist materi al;

(I-3) formng a circuit pattern in the resist upper

| ayer film by devel oping the resist upper layer film
usi ng a devel oper after pattern exposure;

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

(I-5) processing the substrate to be processed while
using the resist upper |ayer film and/or the adhesive
filmhaving the formed pattern as a mask to forma
pattern in the substrate to be processed.

[ 0030]

Addi tionally, the present invention provides a

10



patterni ng process for formng a pattern in a substrate
to be processed, including the steps of:
(I'l-1) formng a resist underlayer filmon the substrate
to be processed;
(I'1-2) formng a silicon-containing resist mddle |ayer
filmon the resist underlayer film
(I1'1-3) applying the above-descri bed conposition for
form ng an adhesive filmon the silicon-containing
resist mddle layer filmand thereafter perform ng heat
treatment to form an adhesive film
(I'l-4) formng a resist upper layer filmon the adhesive
filmusing a photoresist materi al;
(I'l-5) formng a circuit pattern in the resist upper
| ayer film by devel oping the resist upper layer film
usi ng a devel oper after pattern exposure;
(I'l-6) transferring a pattern to the adhesive film by
dry etching while using the resist upper |ayer film
having the fornmed circuit pattern as a mask;
(I'1-7) transferring a pattern to the silicon-containing
resist mddle layer filmby dry etching while using the
resi st upper layer filmand/or the adhesive film having
the fornmed pattern as a mask;
(I'1-8) transferring a 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
(I'1-9) processing the substrate to be processed while
usi ng the resist underlayer filmhaving the transferred
pattern as a mask to forma pattern in the substrate to
be processed.
[ 0031]

Addi tionally, the present invention provides a

patterni ng process for formng a pattern in a substrate

11



to be processed, including the steps of:

(I'11-1) formng a resist underlayer filmon the
substrate to be processed;

(I'1'1-2) form ng an inorganic hard mask mddle layer film
selected froma silicon oxide film a silicon nitride
film and a silicon oxynitride filmon the resist
under |l ayer film

(I1'11-3) applying the above-descri bed conposition for
form ng an adhesive filmon the inorganic hard mask

m ddl e | ayer film and thereafter perform ng heat
treatment to form an adhesive film

(I'1'1-4) formng a resist upper layer filmon the
adhesive filmusing a photoresist materi al ;

(I'1'1-5) formng a circuit pattern in the resist upper

| ayer film by devel oping the resist upper layer film
usi ng a devel oper after pattern exposure;

(I'1'1-6) transferring a pattern to the adhesive film by
dry etching while using the resist upper |ayer film
having the formed circuit pattern as a mask

(I'1'1-7) transferring a pattern to the inorganic hard
mask m ddle |ayer filmby dry etching while using the
resi st upper layer film and/ or the adhesive film having
the fornmed pattern as a mask;

(I'1'1-8) transferring a pattern to the resist 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'1-9) processing the substrate to be processed while
using the resist underlayer film having the transferred
pattern as a mask to forma pattern in the substrate to
be processed.

[ 0032]

In this manner, the inventive conposition for

12



form ng an adhesive filmcan suitably be used for
various patterning processes such as a two-I|layer resist
process, and a four-layer resist process in which the
adhesive filmis formed on a silicon-containing mddle

| ayer film (silicon-containing resist mddle |ayer film
i norgani ¢ hard mask m ddle layer film. These
patterni ng processes are suitable for photolithography
of a resist upper layer film

[ 0033]

In this aspect, the inorganic hard mask m ddl e
|l ayer filmis preferably forned by a CVD or ALD net hod.
[ 0034]

Further in the present invention, the circuit
pattern is preferably formed in the resist upper |ayer
film by using photolithography with a wavel ength of 10
nm or nore and 300 nm or |ess, direct draw ng using an
el ectron beam nanoi nprinting, or a conbination thereof.
[ 0035]

Further in the present invention, the photoresist
material nore preferably contains at |east an
organonetal Il i ¢ conmpound and a sol vent.

[ 0036]

Further in the present invention, the developing is
preferably perforned by al kaline devel opnent or
devel opnent with an organi c sol vent.

[ 0037]

In the present invention, the use of the patterning
process as descri bed above enabl es favorabl e and
efficient formati on of a pattern.

[ 0038]

Further in the present invention, the substrate to

be processed is preferably a sem conductor apparatus

substrate or the sem conductor apparatus substrate

13



coated with any of a nmetal film a netal carbide film a
metal oxide film a netal nitride film a netal
oxycarbide film and a nmetal oxynitride film

[ 0039]

In this aspect, the netal is preferably silicon,
titanium tungsten, hafnium zirconium chrom um
ger mani um copper, silver, gold, alum num indium
gallium arsenic, palladium iron, tantalum iridium
cobalt, manganese, nolybdenum or an alloy thereof.

[ 0040]

The patterning process of the present invention is
capabl e of processing the substrate to be processed as
descri bed above in the above-descri bed manner to form a
pattern.

[ 0041]

Addi tionally, the present invention provides a
met hod for formng an adhesive filmto be used in a
manuf act uri ng process of a sem conductor apparatus, the
met hod i ncludes: spin-coating a substrate to be
processed with the above-described conposition for
form ng an adhesive film and form ng an adhesive film
by heating the substrate coated with the conposition for
form ng an adhesive filmat a tenperature of 100°C or
hi gher and 300°C or lower for 10 to 600 seconds.

[ 0042]

Addi tionally, the present invention provides a
met hod for form ng an adhesive filmto be used in a
manuf acturi ng process of a sem conductor apparatus, the
met hod i ncl udes: spin-coating a substrate to be
processed with the above-described conposition for
form ng an adhesive film and form ng an adhesive film
by heating the substrate coated with the conposition for

form ng an adhesive filmunder an atnobsphere with an

14



oxygen concentration of 0.1% or nore and 21% or | ess.
[ 0043]

Such nmethod can facilitate a crosslinking reaction
during form ng an adhesive filmand suppress m xing with
a resist upper layer filmat a higher level. Moreover,
by appropriately controlling the tenperature, time, and
oxygen concentration of the heat treatnment within the
above range, it is possible to obtain a prevention
ef fect on coll apse of an adhesive film pattern
appropriate for the intended use, as well as a property
of adjusting a pattern profile of the resist upper |ayer
film
[ 0044]

Addi tionally, the present invention provides a
met hod for form ng an adhesive filmto be used in a
manuf act uri ng process of a sem conductor apparatus, the
met hod i ncludes: spin-coating a substrate to be
processed with the above-described conposition for
form ng an adhesive film and form ng an adhesive film
by heating the substrate coated with the conposition for
form ng an adhesive filmunder an atnosphere with an
oxygen concentration of 0.0001% or nore and | ess than
0.1%

[ 0045]

Such nmethod is useful because it can facilitate a
crosslinking reaction during form ng an adhesive film
and suppress interm xing with an upper layer filmat a
hi gher |l evel with no deterioration of a substrate to be
processed even when the substrate to be processed
contains a material which becones unstable during

heati ng under an oxygen atnosphere.

ADVANTAGEOUS EFFECTS OF | NVENTI ON

15



[ 0046]

As descri bed above, the present invention can
provide a conposition for form ng an adhesive filmthat
has favorabl e application performance on vari ous
under | ayer films. Moreover, this conposition for
form ng an adhesive filmenables to renove a residue at
a bottomof a resist with no deterioration of roughness
of a resist pattern, so that the conposition is
extremely useful for nultilayer resist processes, for
exampl e, a four-layer resist process in which the
adhesive filmis formed on a silicon-containing resist
m ddle layer film Further, the inventive nethod for
form ng an adhesive filmcan form an adhesive filmthat
sufficiently cures on a substrate to be processed and
has hi gh adhesi veness to a resist upper layer film Yet
further, the inventive patterning process can forma
fine pattern in a substrate to be processed with high
precision in a nultilayer resist process.

BRI EF DESCRI PTI ON OF DRAW NGS
[0047]

FIG 1 is a diagramillustrating a patterning
process with a four-layer resist process according to an

enbodi nrent of the present invention.

DESCRI PTI ON OF EMBODI MENTS
[ 0048]

In the present description, when an element is
descri bed as being “directly under” another elenent, the
element is in direct contact with another element with
no intervening elenent. On the contrary, when an
el ement is described as being “under” anot her el ement,

there may be an intervening el enent between them

16



Simlarly, when an elenment is described as being
“directly on” another elenent, the elenment is in direct

contact with another elenent with no intervening

el ement. When an elenent is described as being “on
anot her elenment, there may be an interveni ng el ement

bet ween them

[ 0049]

As described above, in a fine patterning process of
a nultilayer resist nethod in a manufacturing process of
a sem conduct or apparatus, there have been needs for a
conposition for form ng an adhesive filmthat has
favorabl e application performance on various underl ayer
films and enables to renove a residue at a bottom of a
resist with no deterioration of roughness of a resist
pattern, a patterning process using the conposition, and
a method for form ng an adhesive film
[ 0050]

As a result of intensive investigation on the above
problem the present inventors have found that the above
probl em can be sol ved by a conposition for form ng an
adhesive filmincluding a resin having a particular
structure, a patterning process using this conposition
for formng an adhesive film and a nmethod for form ng
an adhesive filmusing this conposition for form ng an
adhesive film and conpleted the present invention.

[ 0051]

Thus, the present invention is a conposition for
form ng an adhesive film including:

(A) a resin containing a repeating unit represented by
the follow ng general formula (1) and a repeating unit
havi ng an organic sul fonyl anion structure; and

(B) an organic sol vent,

17



.

ORO2

wherein X represents a single bond or an aromatic
ring having 20 or | ess carbon atons; ROl represents a
hydrogen atom or a nethyl group; RP2 represents a
hydrogen atom or a nonoval ent al kyl group having 1 to 10
carbon atons, and when R02 represents an al kyl group, a
hydrogen atom constituting the al kyl group is optionally
substituted with a hydroxy group.

[ 0052]

Herei nafter, the present invention will be
described in detail. However, the present invention is
not limted thereto.

[ 0053]
[ Conmposition for Form ng Adhesive Film

The present invention provides a conposition for
form ng an adhesive film including: (A a resin
containing a repeating unit represented by the foll ow ng
general formula (1) and a repeating unit having an
organi ¢ sul fonyl anion structure; and (B) an organic

sol vent .

R0'1

Y

X

/g (1)

HN O

.

()RQQ
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In the fornmula, X represents a single bond or an
aromatic ring having 20 or | ess carbon atons; RO
represents a hydrogen atom or a nethyl group; RO2
represents a hydrogen atom or a nonoval ent al kyl group
having 1 to 10 carbon atoms, and when R°2 represents an
al kyl group, a hydrogen atom constituting the al kyl
group is optionally substituted with a hydroxy group.

[ 0054]

Note that in the conposition for form ng an
adhesive filmof the present invention, the resin (A
can be used al one or in conmbination of two or nore Kkinds
thereof. Furthernore, the above-described conposition
for formng an adhesive film may include other
conponents in addition to the above conponents (A) and
(B). Hereinafter, each conmponent will be described.

[ 0055]
[ (A) Resin]

The resin (A) included in the conposition for
form ng an adhesive filmof the present invention
contains a repeating unit represented by the follow ng
general formula (1) and a repeating unit having an

organi ¢ sul fonyl anion structure.

R0'1

Y

X

/& (1)

HN O

.

OR02

In the fornmula, X represents a single bond or an
aromatic ring having 20 or | ess carbon atons; RO
represents a hydrogen atom or a nethyl group; RO2

represents a hydrogen atom or a nonoval ent al kyl group
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having 1 to 10 carbon atonms, and when RO2 represents an
al kyl group, a hydrogen atom constituting the al kyl
group is optionally substituted with a hydroxy group.

[ 0056]

The structural unit represented by the above
general formula (1) functions as a crosslinking group
and an adhesive group to an underlayer. A nitrogen-
hydr ogen bond serving as a hydrogen bond donor is
contai ned, which efficiently fornms a hydrogen bond even
on a hydrophobi c underlayer film thereby suppressing
occurrence of an application error. On the other hand,
this structural unit itself has a crosslinking property,
so that a curing property of a filmwll not be inpaired
even by introducing a |arge nunber of this structural
units into the resin.

[ 0057]

In the above general forrmula (1), X represents a
single bond or an aromatic ring having 20 or | ess carbon
atonms. X preferably represents a single bond, a benzene
ring, or a naphthalene ring. The structure having a
relatively small nol ecul ar wei ght as descri bed above
| eads to the increased nunber of the hydrogen bond
donors per unit nol ecul ar wei ght and excel | ent
application performance on a hydrophobic surface.

[ 0058]

I n the above general forrmula (1), RPl represents a
hydr ogen atom or a nethyl group. However, when X
represents an aromatic ring, RO preferably represents a
hydrogen atom from the vi ewpoi nt of polynerization
reactivity at the time of raw material synthesis. Wen
X represents a single bond, the polynerization
reactivity is sufficient at the tine of raw materi al

synt hesi s regardl ess of whether RO! represents a hydrogen
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atomor a nmethyl group, and selection of this structure
enables to suitably control the polynerization
reactivity.

[ 0059]

I n the above general formula (1), RO2 represents a
hydrogen atom or a nonoval ent al kyl group having 1 to 10
carbon atons, and when R02 represents an al kyl group, a
hydrogen atom constituting the al kyl group is optionally
substituted with a hydroxy group. RO2 preferably
represents a hydrogen atomor a linear or branched al kyl
group having 1 to 6 carbon atons, and nore preferably
represents a hydrogen atomor a linear or branched al kyl
group having 1 to 4 carbon atons.

[ 0060]

Specific exanples of R2 in the above genera
formula (1) include a nethyl group, an ethyl group, an
n- propyl group, an isopropyl group, an n-butyl group, a
sec-butyl group, a tert-butyl group, an n-pentyl group,
a neopentyl group, an n-hexyl group, an n-heptyl group,
an n-octyl group, an n-nonyl group, an n-decyl group, a
cycl opentyl group, a cyclohexyl group, and organic
groups in which a hydrogen atom constituting these al kyl
groups i s substituted with a hydroxy group.

[ 0061]

In the above general formula (1), the OR02
structure undergoes an elimnation reaction during
baking to generate a carbocation. This carbocation
reacts with other structures and is bonded thereto,

t hereby proceeding the crosslinking. By making RO2 a
structure having a small nol ecul ar wei ght, shrinking of
a filmduring baking can be reduced, which in turn can
prevent occurrence of an application error during
baking. On the other hand, when RO2 is a structure
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having a | arge nol ecul ar wei ght, a bul ky structure of
the resin | eads to an increased viscosity of the resin
during application, which can prevent occurrence of an
application error during spin-drying. Formthe

vi ewpoi nt of easy occurrence of the application error
during these spin-drying and baking, RO2 preferably
represents a hydrogen atomor a linear or branched al kyl
group having 1 to 6 carbon atons, and nore preferably
represents a hydrogen atomor a linear or branched al kyl
group having 1 to 4 carbon atons.

[ 0062]

Specific exanples of the repeating unit represented
by the above general fornula (1) preferably include the
follow ng structures. RP is as defined above.

[ 0063]
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[ 0066]

Mor eover, since the resin has the organic sul fonyl
ani on structure, acid derived fromthe organic sul fonyl
anion structure is generated on a surface of an
underlayer film which contributes to renoving a residue
at a bottomof a resist film Meanwhile, diffusion
|l ength of this acid is extrenely short because of its
bond to the resin included in the conposition for
form ng an adhesive film The acid also has a small
adverse effect on pattern roughness.

[ 0067]

24



Mor eover, as the structural unit having the organic
sul fonyl anion structure, known ones can suitably be
used. For exanple, those having the follow ng
structures can be used as an anion in a nmonomer from
whi ch the organic sulfonyl anion structure is derived,
but the anion is not limted thereto. Note that in the
follow ng fornul ae, RA each independently represents a
hydr ogen atom or a nethyl group, and XB' each
i ndependent|ly represents an iodine atom a brom ne atom
or a fluorine atom
[ 0068]
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cation, or iodoniumcation can be used as a counter
cation of the above anion. For exanple, those having
the structures described in paragraphs [0043] to [0045]
of JP 5415982 B2 and the structures shown bel ow are
usabl e, but the counter cation is not limted thereto.
[0110]

The sul fonium cation is preferably the one
represented by the follow ng general fornula (2). The
i odonium cation is preferably the one represented by the

foll ow ng general fornula (3).

R4
R5—S|+—R6 R7—I1—R®
(2) 3)
[0111]

In the above general formulae (2) and (3), R* to R®
each i ndependently represents a hal ogen atom or a
hydr ocar byl group having 1 to 20 carbon atons and
optionally containing a heteroatom
[0112]

Specific exanples of the hal ogen atom represented
by R* to R8 include a fluorine atom a chlorine atom a
brom ne atom an iodine atom and the I|iKke.

[0113]

The hydrocarbyl group having 1 to 20 carbon atons
represented by R* to RE may be saturated or unsaturated,
and may be linear, branched, or cyclic. Specific
exanpl es thereof include: alkyl groups having 1 to 20
carbon atonms, such as a nethyl group, an ethyl group, an
n- propyl group, an isopropyl group, an n-butyl group, an
i sobutyl group, a sec-butyl group, a tert-butyl group,
an n-pentyl group, an n-hexyl group, an n-octyl group,

an n-nonyl group, an n-decyl group, an undecyl group, a
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dodecyl group, a tridecyl group, a tetradecyl group, a
pent adecyl group, a heptadecyl group, an octadecyl
group, a nonadecyl group, and an icosyl group; cyclic
saturated hydrocarbyl groups having 3 to 20 carbon
atoms, such as a cycl opropyl group, a cycl opentyl group,
a cycl ohexyl group, a cycl opropyl met hyl group, a 4-

met hyl cycl ohexyl group, a cycl ohexyl met hyl group, a

nor bor nyl group, and an adamantyl group; al kenyl groups
having 2 to 20 carbon atonms, such as a vinyl group, a
propenyl group, a butenyl group, and a hexenyl group;

al kynyl groups having 2 to 20 carbon atons, such as an
et hynyl group, a propynyl group, and a butynyl group;
cyclic unsaturated hydrocarbyl groups having 3 to 20
carbon atonms, such as a cycl ohexenyl group and a

nor bor nenyl group; aryl groups having 6 to 20 carbon
atoms, such as a phenyl group, a nethyl phenyl group, an
et hyl phenyl group, an n-propyl phenyl group, an

I sopropyl phenyl group, an n-butyl phenyl group, an

i sobut yl phenyl group, a sec-butyl phenyl group, a tert-
butyl phenyl group, a naphthyl group, a nethyl napht hyl
group, an et hyl napht hyl group, an n-propyl napht hyl
group, an isopropyl napht hyl group, an n-butyl napht hyl
group, an isobutyl napht hyl group, a sec-butyl napht hyl
group, and a tert-butyl naphthyl group; aral kyl groups
having 7 to 20 carbon atoms, such as a benzyl group and
a phenetyl group; conbinations of these groups; and the
like.

[0114]

Addi tionally, sonme or all of hydrogen atonms of the
hydr ocar byl group may be substituted with a group
contai ning a heteroatom such as oxygen, sulfur,
ni trogen, and hal ogen atonms, or a part of -CH- of the
hydr ocar byl group may be substituted with a group
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contai ning a heteroatom such as oxygen, sulfur, and
nitrogen atons. As a result, a hydroxy group, a
fluorine atom a chlorine atom a brom ne atom an
i odine atom a cyano group, a nitro group, a nercapto
group, a carbonyl group, an ether bond, an ester bond, a
sul fonic acid ester bond, a carbonate bond, a |actone
ring, a sultone ring, a carboxylic acid anhydride (-
C(=0-0C(=0-), a haloal kyl group, and the |ike my be
cont ai ned.
[0115]

Moreover, R* and R5> nay bond together to form a
ring with a sulfur atom bonded thereto. In this case,
the ring preferably has any of the follow ng structures.

1 1
L4 .

& & O O O O

oo oo oo

Co @0 o o

In the fornulae, a dashed |ine represents a bondi ng
arm
[0116]

Specific exanples of the sulfoniumcation
represented by the above general formula (2) are shown

bel ow, but not limted thereto.
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Specific exanples of the iodonium cation
represented by the above general formula (3) are shown
bel ow, but not limted thereto.
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[0148]

The structural unit having the above organic
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sul fonyl anion structure preferably contains an iodine
atom Due to high atom c absorption of EUV light in an
i odine atom a sensitization effect on EUV |ight can be
obt ai ned, which inproves renoval of a residue at a
bottom of a pattern as well as pattern roughness.

[ 0149]

A proportion of the repeating unit represented by
the above general formula (1) is preferably 70 mol% or
more and 99.9 mol®% or less relative to whole repeating
units in the above resin (A).

[ 0150]

Mor eover, the proportion of the repeating unit
represented by the above general formula (1) is nore
preferably 80 mol% or more and 99.9 mol% or less,
further preferably 80 nol % or nore and 99 nol % or | ess,
relative to whole repeating units in the above resin
(A), but not Ilimted thereto. As described above, the
ni trogen- hydrogen bond of the repeating unit represented
by the above general fornula (1) contributes to the
appl ication performance and thus, the high content
percentage thereof is preferable fromthe vi ewpoi nt of
securing the application perfornmance.

[ 0151]

Mor eover, a proportion of the repeating unit having
t he organic sulfonyl anion structure is preferably 0.1
mol% or more and 30 mol% or less, more preferably 0.1
mol% or more and 20 mol% or less, and further preferably
1 mol% or more and 20 mol% or less relative to whole
repeating units in the above resin (A), but not limted
t her et o.

[ 0152]
By controlling the proportion of the above organic

sul fonyl anion structure in the repeating units of the
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resin (A), it is possible to inpart appropriate
patterni ng performance to be required for each process.
[ 0153]

Note that when a total nole fraction of the
repeating unit represented by the above general fornula
(1) and the repeating unit having the organic sul fonyl
anion structure is not 100% the resin (A) contains
ot her structural units. In this case, existing ones can
be suitably used as the other structural units. For
exampl e, any of structural units derived fromthe
followi ng can be used in conbination, but the other
structural units are not limited thereto: o, -
unsat urated carboxylic acid esters, such as other
acryl ates, other nethacrylates, other acrylic acid
am des, other nethacryl am des, crotonates, mal eates, and
itaconates; o, pPp-unsaturated carboxylic acids, such as
met hacrylic acid, acrylic acid, maleic acid, and
itaconic acid; acrylonitrile; methacrylonitrile; o, p-
unsaturated | actones such as 5, 5-di net hyl - 3- met hyl ene- 2-
oxot et rahydrof uran; cyclic olefins such as norbornene
derivatives and tetracyclo[4.4.0.125, 17.10] dodecene
derivatives; o,B-unsaturated carboxylic acid anhydrides,
such as mal ei ¢ anhydride and itaconic anhydride; allyl
et hers; vinyl ethers; vinyl esters; and vinyl silanes.

[ 0154]

In a case of exposing a resist upper layer filmto
EUV light, it is preferable to contain an iodine atomin
t he other structural units. Due to high atom c
absorption of EUV light in an iodine atom a
sensitization effect on EUV |light can be obtai ned.
Therefore, it is preferable fromthe viewpoints of
renoval of a residue at a bottom of a pattern and

i nprovenent of pattern roughness.
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[ 0155]

When it is desired to prevent coll apse of a resist
upper layer film it is preferable to contain a phenolic
hydroxy group in the other structural units. The
phenol i ¢ hydroxy group fornms a hydrogen bond with an
upper |ayer resist conposition, thereby contributing to
preventing the coll apse. Exanples of the structural
unit containing the phenolic hydroxy group include, but
are not limted to, structural units contained in the
resin described in paragraphs [0058] to [0059] in JP
2023-094359 A. Since the phenolic hydroxy group can
al so becone a hydrogen bond donor, there is | ess adverse
effect on the application performnce even when such
structural units are contained. Therefore, it is also
preferable fromthe viewpoint of the application
performance on a hydrophobic surface.

[ 0156]

Moreover, the resin (A) preferably contains no
epoxi de structure or oxetane structure.
[ 0157]

| f an epoxide structure or oxetane structure which
cannot becone a hydrogen bond donor is contained in the
resin, a hydrogen bond between an adhesive filmderived
fromthe conposition for form ng an adhesive film of the
present invention and an underlayer film may be
I nhi bited and an application error may easily occur.
Therefore, these structures are preferably not contained
in the resin fromthe vi ewpoint of securing the
application performance on a hydrophobic surface.

[ 0158]

Additionally, the above resin (A) preferably has a
wei ght average nol ecul ar weight (Mwv) of 1,000 to 70, 000,
nore preferably 10,000 to 50,000. When Mwvis 1,000 or
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nore, excellent filmformability can be inparted, and
generation of a sublimte can be reduced during heat
curing to prevent the sublimte from contanm nating an
apparatus. On the other hand, when Mwv is 70,000 or

| ess, poor application performance and occurrence of
application defects due to insufficient solubility in an
organi ¢ solvent can be prevented. WMoreover, in the
resin (A), a nolecular weight distribution (Mv M) is
preferably 1.0 to 2.8, nore preferably 1.0 to 2.5.

I ncidentally, Mwv and the nol ecul ar wei ght distribution
in the present invention are neasured by gel perneation
chromat ography (GPC) in terns of polystyrene using
tetrahydrofuran (THF) as a solvent. A neasurenent
tenperature in this event is set to 40°C.

[ 0159]

By using the conposition for form ng an adhesive
filmincluding such resin to forma multilayer resist
filmwhich is applied to fine processing in a
manuf acturi ng process of a sem conductor apparatus and
the like, it is possible to provide: a conposition for
form ng an adhesive filmthat has favorable application
performance even on a hydrophobi c underl ayer film and
enabl es residue i nprovenent at a bottom of a resi st
whi | e mai ntaining favorabl e pattern roughness; a nethod
for formng an adhesive film and a patterning process.
[ 0160]

The above resin (A) can be synthesized in a known
manner, by polymerizing each nononer protected by a
protective group as necessary, followed by a
deprotection reaction as necessary. The polynerization
reaction is not particularly limted, but preferably
radi cal polynerization or anion polynerization.

Regardi ng these nethods, it is possible to refer to JP
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2004- 115630 A.
[0161]
[(B) Organic Sol vent]

The organi c solvent (B) included in the conposition
for formng an adhesive filmof the present invention is
not particularly limted as long as it can dissolve the
above resin (A) and other additives (if included). The
above organic solvent (B) is preferably a m xture of one
or nore kinds of organic solvents having a boiling point
of |l ower than 150°C and one or nore kinds of organic
sol vents having a boiling point of 150°C or higher and
| ower than 220°C. Specific exanples of usable organic
solvents include: ketones such as cycl ohexanone,
cycl opent anone, nethyl-2-n-pentyl ketone, and 2-
hept anone; al cohols such as 3-net hoxybut anol, 3-nethyl -
3- met hoxybut anol , 1-nmethoxy-2-propanol, 1-ethoxy-2-
propanol , and di acetone al cohol; ethers such as
propyl ene gl ycol nononmethyl ether, ethylene glycol
nonomet hyl et her, propyl ene glycol nonoethyl ether,
et hyl ene gl ycol nonoethyl ether, propylene glycol
di met hyl ether, and diethylene glycol dinethyl ether;
esters such as propyl ene glycol nononethyl ether
acetate, propylene glycol nonoethyl ether acetate, ethyl
| actate, ethyl pyruvate, butyl acetate, nethyl 3-
met hoxypropi onate, ethyl 3-ethoxypropionate, tert-butyl
acetate, tert-butyl propionate, and propyl ene glycol
mono-tert-butyl ether acetate; lactones such as vy-
butyrol actone; and the |ike, as described in paragraphs
[0144] to [0145] of JP 2008-111103 A. Propylene glycol
nononet hyl ether acetate, propylene glycol nononet hyl
et her, propylene glycol nonoethyl ether, cyclopentanone,
and a m xture of one or nore of themare preferably used

as the organic solvent having a boiling point of |ower
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t han 150°C. Cycl ohexanone, di acetone al cohol, ethyl
lactate, y-butyrolactone, and a mixture of one or more
of them are preferably used as the organic sol vent
having a boiling point of 150°C or higher and | ower than
220°C. Note that, the boiling point is a boiling point
at normal pressure.

[0162]

The organic solvent (B) is added in an amount of
preferably 5,000 parts by mass or nore, nore preferably
8,000 parts by mass or nore, relative to 100 parts by
mass of the above resin (A).

[0163]
[ Addi ti ves]

The conposition for form ng an adhesive filmof the
present invention can further include one or nore
selected from (C) a thermal acid generator, (D) a
surfactant, and (E) a crosslinking agent, in addition to
t he above components (A) and (B). By adjusting the
ki nds and anmnpbunts of these additives, it is possible to
optim ze curing tenperature and application performance
of the conmposition for form ng an adhesive film as well
as various kinds of performance including patterning
performance. Hereinafter, each conponent wll be
descri bed.

[0164]
[(C) Thermal Acid Generator]

The thermal acid generator (C) can be added to the
conposition for formng an adhesive film of the present
invention in order to facilitate a heat-induced
crosslinking reaction.

[ 0165]
Exanpl es of the thernmal acid generator (C) usable

in the conposition for form ng an adhesive filmof the
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present invention include the one represented by the
foll ow ng general fornula (4), etc.
[0166]

Ro

|
R8_|T|+_R10 (4)
K Ry

In the fornula, K represents a non-nucleophilic
counter ion; each of Rs, Ry, Rio, and Ri1 represents a
hydr ogen atom a linear, branched, or cyclic alkyl group
or oxoal kyl group having 1 to 12 carbon atons, a |inear,
branched, or cyclic al kenyl group or oxoal kenyl group
having 2 to 12 carbon atonms, an aryl group having 6 to
20 carbon atons, or an aral kyl group or aryl oxoal kyl
group having 7 to 12 carbon atons, wherein sonme or al
of hydrogen atons in these groups are optionally
substituted with an al koxy group or the |iKke;
additionally, Rs and Ro, or Rs, Ro, and Rio optionally
bond together to forma ring, and when they forma ring,
Rs and Rg, or Rs, Ro, and Rio represent an al kyl ene group
having 3 to 10 carbon atons or a heteroaromatic ring
having a nitrogen atomin the fornmula in the ring.
[0167]

The above Rs, Ro, Rio, and Ri1 may be the sanme or
different fromeach other, and specific exanples of the
al kyl group include a nmethyl group, an ethyl group, a
propyl group, an isopropyl group, an n-butyl group, a
sec-butyl group, a tert-butyl group, a pentyl group, a
hexyl group, a heptyl group, an octyl group, a
cycl opentyl group, a cycl ohexenyl group, a cycl oheptyl
group, a cyclopropyl methyl group, a 4-nmethylcycl ohexyl
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group, a cycl ohexyl methyl group, a norbornyl group, an
adamantyl group, and the |ike. Exanples of the al kenyl
group include a vinyl group, an allyl group, a propenyl
group, a butenyl group, a hexenyl group, a cycl ohexenyl
group, and the like. Exanples of the oxoal kyl group

i nclude a 2-oxocycl opentyl group, a 2-oxocycl ohexyl
group, a 2-oxopropyl group, a 2-cycl opentyl -2-oxoet hyl
group, a 2-cycl ohexyl -2-oxoethyl group, a 2-(4-

met hyl cycl ohexyl ) - 2- oxoet hyl group, and the |iKke.
Exanpl es of the oxoal kenyl group include a 2-o0xo0-4-

cycl ohexenyl group, a 2-oxo-4-propenyl group, and the
l'i ke. Exanples of the aryl group include: a phenyl
group, a naphthyl group, and the like; al koxyphenyl
groups such as a p-nethoxyphenyl group, a m

met hoxyphenyl group, an o-nmethoxyphenyl group,

et hoxyphenyl group, a p-tert-butoxyphenyl group, and a
mtert-butoxyphenyl group; alkylphenyl groups such as a
2- met hyl phenyl group, a 3-nethyl phenyl group, a 4-

nmet hyl phenyl group, an ethyl phenyl group, a 4-tert-
butyl phenyl group, a 4-butyl phenyl group, and a

di met hyl phenyl group; al kyl napht hyl groups such as a
met hyl napht hyl group and an et hyl napht hyl group;

al koxynapht hyl groups such as a net hoxynapht hyl group
and an et hoxynapht hyl group; dial kyl napht hyl groups such
as a di net hyl napht hyl group and a di et hyl napht hyl group;
di al koxynapht hyl groups such as a di net hoxynapht hyl
group and a di et hoxynapht hyl group; and the I|ike.
Exanpl es of the aral kyl group include a benzyl group, a
phenyl et hyl group, a phenetyl group, and the |ike.
Exanpl es of the aryl oxoal kyl group include 2-aryl -2-
oxoet hyl groups such as a 2-phenyl - 2-oxoet hyl group, a
2- (1-napht hyl) - 2- oxoet hyl group, and a 2-(2-naphthyl)-2-

oxoet hyl group, etc.
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[0168]

Furthernore, exanples of the heteroaromatic ring
having the nitrogen atomin the fornula in the ring,
which is formed by Rs and Ry or Rs, Ro, and Rio, include
i m dazol e derivatives (for exanple, imdazole, 4-
met hyl i m dazol e, 4-net hyl - 2-phenyli m dazol e, and the
i ke), pyrazole derivatives, furazan derivatives,
pyrroline derivatives (for exanple, pyrroline, 2-nmethyl-
1-pyrroline, and the like), pyrrolidine derivatives (for
exanmpl e, pyrrolidine, N-nethylpyrrolidine,
pyrrolidinone, N-nethylpyrrolidone, and the |ike),

I m dazol i ne derivatives, imdazolidine derivatives,
pyridi ne derivatives (for exanple, pyridine,

met hyl pyri di ne, ethyl pyridine, propylpyridine,

butyl pyridine, 4-(1-butyl pentyl)pyridine,

di met hyl pyridine, trinmethylpyridine, triethylpyridine,
phenyl pyri di ne, 3-nethyl -2-phenyl pyridine, 4-tert-

butyl pyridi ne, diphenyl pyridine, benzyl pyridine,

met hoxypyri di ne, butoxypyridi ne, di methoxypyridine, 1-
met hyl - 2- pyri done, 4-pyrrolidi nopyridine, 1-nethyl-4-
phenyl pyri di ne, 2-(1-ethyl propyl)pyridine,

am nopyridine, dimethylam nopyridine, and the |ike),
pyri dazi ne derivatives, pyrimdine derivatives, pyrazine
derivatives, pyrazoline derivatives, pyrazolidine
derivatives, piperidine derivatives, piperazine
derivatives, norpholine derivatives, indole derivatives,
I soi ndol e derivatives, 1Hindazole derivatives, indoline
derivatives, quinoline derivatives (for exanpl e,
qui nol i ne, 3-quinolinecarbonitrile, and the like),

i soqui noline derivatives, cinnoline derivatives,

qui nazol i ne derivatives, quinoxaline derivatives,

pht hal azi ne derivatives, purine derivatives, pteridine

derivatives, carbazole derivatives, phenanthridine
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derivatives, acridine derivatives, phenazine
derivatives, 1,10-phenanthroline derivatives, adenine
derivatives, adenosine derivatives, guanine derivatives,
guanosi ne derivatives, uracil derivatives, uridine
derivatives, and the |ike.

[0169]

Exanpl es of the af orementi oned non-nucl eophilic
counter ion of K include: halide ions such as chloride
ion and brom de ion; fluoroal kyl sul fonates such as
triflate, 1,1,1-trifluoroethanesul fonate, and
nonaf | uor obut anesul fonate; aryl sul fonates such as
tosyl ate, benzenesul fonate, 4-fluorobenzenesul fonate,
and 1, 2, 3, 4, 5- pent af | uor obenzenesul f onat e;
al kyl sul fonates such as nesyl ate and but anesul f onat e;

i mde acids such as bis(trifluoronethylsulfonyl)im de,
bi s(perfl uoroethyl sul fonyl)im de, and

bi s(perfluorobutyl sul fonyl)im de; and methide acids such
as tris(trifluoromethylsul fonyl)nmethi de and
tris(perfluoroethylsul fonyl)nethide. Further exanples
thereof include a sulfonate with an oa-position
substituted with fluoro, represented by the foll ow ng
general formula (5), and a sulfonate with o- and p-
positions substituted with fluoro, represented by the
foll ow ng general fornula (6).

[0170]

R1o—0O
>—CF2—803' (5)

F3C
R43-CF>-CF»-SO3 (6)

[0171]

I n the above general fornmula (5), Ri2 represents a
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hydrogen atom a |inear, branched, or cyclic al kyl group
having 1 to 20 carbon atonms, an acyl group or al kenyl
group having 2 to 20 carbon atons, or an aryl group or
aryl oxy group having 6 to 20 carbon atons. |In the above
general fornula (6), Rz represents a hydrogen atom a
| i near, branched, or cyclic alkyl group having 1 to 20
carbon atons, an al kenyl group having 2 to 20 carbon
atonms, or an aryl group having 6 to 20 carbon atons.
[0172]

Specific exanples of the above thermal acid

generator (C) are shown bel ow.

(CHaCH2)IN'H  (CHaCH2):N'H (CHCH2)sN'H (CHsCH)sN'H (CH3CH)N'H
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- / /
LA eo o ¢ FF PN /J\"' J
[ 3 0O— J L/ ; F.C7CF,
AN o ~ H o,
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P e}
[0173]

The thermal acid generator (C) included in the
conposition for formng an adhesive film of the present
I nvention can be used alone or in conmbination of two or
nmore kinds thereof. The thermal acid generator (C) is
added preferably in an anount of 0.05 to 30 parts by
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mass, nore preferably in an amount of 0.1 to 10 parts by
mass, relative to 100 parts by mass of the above resin
(A). VWhen the amount is 0.05 parts by mass or nore, a
sufficient amount of acid is generated and a
crosslinking reaction proceeds sufficiently. Wen the
ampunt is 30 parts by mass or |ess, a m xing phenonmenon
due to acid mgration to an upper |layer resist wll

never occur.

[0174]

[ (D) Surfactant]

The surfactant (D) can be added to the conposition
for formng an adhesive filmof the present invention in
order to enhance application performance by spin
coating. The surfactant (D) can be used al one or in
conbi nation of two or nore kinds thereof. As the
surfactant (D), for exanple, those described in
paragraphs [0142] to [0147] of JP 2009-269953 A can be
used. An addition anmpunt of the surfactant (D), if
added, is preferably 0.001 to 20 parts by nmass, nore
preferably 0.01 to 10 parts by mass, relative to 100
parts by mass of the above resin (A).

[ 0175]
[(E) Crosslinking Agent]

Furthernmore, the crosslinking agent (E) can al so be
added to the conposition for form ng an adhesive fil m of
t he present invention in order to enhance a curing
property and further prevent interm xing with a resist
upper layer film The crosslinking agent is not
particularly limted, and various known types of
crosslinking agents can w dely be used. Exanples
t hereof include nelam ne crosslinking agents, glycoluri
crosslinking agents, benzoguanam ne crosslinking agents,

urea crosslinking agents, PR-hydroxyalkylamide
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crosslinking agents, isocyanurate crosslinking agents,
aziridine crosslinking agents, oxazoline crosslinking
agents, epoxy crosslinking agents, and pol ynucl ear
phenolic crosslinking agents.

[0176]

Specific exanples of the nelam ne crosslinking
agents include hexanet hoxynet hyl ated nmel am ne,
hexabut oxynet hyl at ed mel am ne, al koxy- and/or hydroxy-
substituted derivatives thereof, and partial self-
condensat es thereof.

Specific exanples of the glycoluril crosslinking
agents include tetranmethoxynmet hyl ated gl ycol uril
t et rabut oxymet hyl ated gl ycoluril, al koxy- and/or
hydr oxy- substituted derivatives thereof, and parti al
sel f-condensat es t hereof.

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

Specific exanples of the urea crosslinking agents
I ncl ude di met hoxynet hyl at ed di net hoxyet hyl eneur ea,
al koxy- and/ or hydroxy-substituted derivatives thereof,
and partial self-condensates thereof.

A specific example of the PB-hydroxyalkylamide
crosslinking agents is NN N ,N -tetra(2-
hydr oxyet hyl ) adi pi c acid am de.

Specific exanples of the isocyanurate crosslinking
agents include triglycidyl isocyanurate and triallyl
I socyanur at e.

Specific exanples of the aziridine crosslinking
agents include 4,4 -

bi s(et hyl enei m nocar bonyl am no) di phenyl net hane and 2, 2-
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bi shydr oxymet hyl but anol -tri s[ 3-(1-
aziridinyl)propionate].

Specific exanples of the oxazoline crosslinking
agents include 2,2 -isopropylidenebis(4-benzyl -2-
oxazoline), 2,2 -isopropylidenebis(4-phenyl-2-
oxazoline), 2,2 -methylenebis(4,5-di phenyl -2-oxazoline),
2,2 -met hyl enebi s(4- phenyl - 2-oxazoline), 2,2 -
met hyl enebi s(4-tertbutyl -2-oxazoline), 2,2 -bis(2-
oxazoline), 1,3-phenyl enebis(2-oxazoline), 1, 4-
phenyl enebi s(2- oxazoline), and 2-isopropenyl oxazoline
copol ymer.

Specific exanples of the epoxy crosslinking agents
i ncl ude diglycidyl ether, ethylene glycol diglycidyl
et her, 1, 4-butanediol diglycidyl ether, 1, 4-
cycl ohexanedi net hanol di gl yci dyl ether, poly(glycidyl
met hacryl ate), trinethyl ol ethane triglycidyl ether,
trimethyl ol propane triglycidyl ether, and
pentaerythritol tetraglycidyl ether.

[0177]

A specific exanple of the polynucl ear phenolic
crosslinking agents is a conpound represented by the
foll ow ng general fornula (7).

OR14

=]
—

Q OH (

OR14/ q

In the fornmula, Q represents a single bond or a g-
val ent hydrocarbon group having 1 to 20 carbon atons; R4
represents a hydrogen atom or an al kyl group having 1 to
20 carbon atoms; and “q” represents an integer of 1 to
5.
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[0178]

Q represents a single bond or a g-val ent
hydr ocar bon group having 1 to 20 carbon atons. “Qq”
represents an integer of 1 to 5, nore preferably 2 or 3.
Speci fic exanples of Q include groups obtained by

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

renovi ng hydrogen atons from nmet hane, ethane,
hexane, cycl ohexane, nethyl pentane, nethyl cycl ohexane,
di met hyl cycl ohexane, trinethyl cycl ohexane, benzene,
tol uene, xyl ene, ethyl benzene, ethylisopropyl benzene,
di i sopropyl benzene, nethyl napht hal ene, et hyl napht hal ene,
and ei cosane. R4 represents a hydrogen atom or an al kyl
group having 1 to 20 carbon atons. Specific exanples of
t he al kyl group having 1 to 20 carbon atonms include a
met hyl group, an ethyl group, a propyl group, an
i sopropyl group, a butyl group, an isobutyl group, a
pentyl group, an isopentyl group, a hexyl group, an
octyl group, an ethyl hexyl group, a decyl group, and an
ei cosanyl group, anong whi ch a hydrogen atom or a nethyl
group is preferred.
[0179]

Speci fic exanples of the conpound represented by
t he above general fornula (7) include the follow ng
conpounds. Anmong them hexanmet hoxymet hyl ated forns of
tri phenol net hane, triphenol ethane, 1,1,1-tris(4-
hydr oxyphenyl ) et hane, and tris(4-hydroxyphenyl)-1-ethyl -
4-isopropyl benzene are preferred fromthe vi ewpoi nt of
enhancing a curing property and filmthickness

uniformty of an adhesive film
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[ 0180]
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[0182]

The above crosslinking agent (E) can be used al one
or in conbination of two or nore kinds thereof. An
addi ti on anmount of the crosslinking agent (E) is
preferably 10 mass% to 50 mass% nore preferably 10
mass% to 30 nass% relative to 100 parts by mass of the
above resin (A). When the addition amount is 10 mass%
or nmore, the sufficient curing property can be exhibited

so as to prevent interm xing with a resist upper |ayer
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film On the other hand, when the addition amount is 50
mass% or | ess, the proportion of the resin (A in the
conposition is kept high, causing no deterioration in

t he application performnce on a hydrophobic surface.

[ 0183]

A thickness of a filmformed fromthe conposition
for formng an adhesive filmof the present invention is
sel ected as appropriate, but preferably 2 to 100 nm
particularly preferably 5 to 20 nm
[ 0184]

Mor eover, the conposition for form ng an adhesive
filmof the present invention is extrenely useful as an
adhesive filmmterial for a nultilayer resist process,
such as a two-|ayer resist process, and a four-I|ayer
resi st process using a resist underlayer filmand a
silicon-containing mddle |ayer film
[ 0185]

The above silicon-containing mddle [ayer film can
be used as a silicon-containing resist mddle layer film
or an inorganic hard mask m ddle layer filmaccording to
a patterning process as described later. The above
i norgani ¢ hard mask mddle layer filmis preferably
selected froma silicon oxide film a silicon nitride
film and a silicon oxynitride film
[ 0186]

Note that in the present invention, the filmformed
fromthe conposition containing the conponents (A) and
(B) is referred to as “adhesive filni, but the film
formed in the present invention may al so be referred to
as “underlayer filnt or “mddle layer filni in a
mul til ayer resist nethod, as described above. Organic
films obtained by heat treatnment or the like for curing

the filmformed fromthe conposition containing the
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conponents (A) and (B) are included in the scope of the
present invention, regardless of their nanes.

[0187]

[ Met hod for Form ng Adhesive Film

The present invention provides a nmethod for forn ng
an adhesive film The method utilizes the above-
descri bed conposition for formng an adhesive film and
forms an adhesive filmthat has favorabl e application
performance even on a hydrophobi c underl ayer film and
enabl es residue i nprovenent at a bottom of a resist
whi | e keeping favorable pattern roughness in a fine
patterni ng process of a nultilayer resist nmethod in a
manuf acturing process of a sem conductor apparatus.

[ 0188]

In the method for form ng an adhesive film of the
present invention, the above-described conposition for
form ng an adhesive filmis coated on a substrate to be
processed by a spin-coat nethod or the |ike. After the
spin coating, baking (heat treatnment) is perforned to
evaporate the organic solvent and facilitate a
crosslinking reaction to prevent intermxing with a
resi st upper layer filmor a silicon-containing mddle
|l ayer film The baking is preferably performed at 100°C
or higher and 300°C or lower for 10 to 600 seconds, and
nore preferably perfornmed at 200°C or hi gher and 250°C
or lower for 10 to 300 seconds. Considering effects on
adhesive fil mdamage and deformati on of a wafer, an
upper limt of a heating tenperature in a wafer process
of lithography is preferably 300°C or |ower and nore
preferably 250°C or | ower.

[0189]
Thus, the present invention provides a nmethod for

form ng an adhesive filmto be used in a manufacturing
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process of a sem conductor apparatus. The nmethod

i ncl udes: spin-coating a substrate to be processed with
t he above-descri bed conposition for form ng an adhesive
film and form ng an adhesive film by heating the
substrate coated with the conposition for form ng an
adhesive filmat a tenperature of 100°C or higher and
300°C or lower for 10 to 600 seconds.

[ 0190]

Furthernmore, in the method for form ng an adhesive
filmof the present invention, it is also possible to
form an adhesive filmby coating the conposition for
form ng an adhesive filmof the present invention on a
substrate to be processed by a spin coating nmethod or
the like in the same manner as descri bed above, and
baki ng and curing the conposition for form ng an
adhesive fil munder an atnosphere with an oxygen
concentration of 0.1% or nore and 21% or |ess. By
baki ng the conposition for form ng an adhesive fil m of
t he present invention under such oxygen atnosphere, a
sufficiently cured adhesive filmcan be obtai ned.
Moreover, the baking tenperature, etc. can be the sane
as descri bed above.

[0191]

Thus, the present invention provides a nmethod for
form ng an adhesive filmto be used in a manufacturing
process of a sem conductor apparatus. The net hod
i ncl udes: spin-coating a substrate to be processed with
t he above-descri bed conposition for form ng an adhesive
film and form ng an adhesive film by heating the
substrate coated with the conposition for form ng an
adhesive fil munder an atnosphere with an oxygen
concentration of 0.1% or nore and 21% or | ess.

[0192]
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The at nosphere during the baking may be air, but
al so inert gas such as N., Ar, and He may be filled. In
this event, the atnosphere can have an oxygen
concentration of 0.0001% or nore and | ess than 0.1%
Mor eover, the baking tenperature, etc. can be the sane
as descri bed above. By baking the conposition for
form ng an adhesive filmof the present invention under
such oxygen atnosphere, it is possible to facilitate a
crosslinking reaction during form ng the adhesive film
wi t hout causing deterioration of the substrate to be
processed, even when the substrate to be processed
i ncludes a material which becones unstable during
heati ng under an oxygen atnosphere.

[ 0193]

Thus, the present invention provides a nmethod for
form ng an adhesive filmto be used in a manufacturing
process of a sem conductor apparatus. The nmet hod
i ncl udes: spin-coating a substrate to be processed with
t he above-descri bed conposition for form ng an adhesive
film and form ng an adhesive film by heating the
substrate coated with the conposition for form ng an
adhesi ve fil munder an atnosphere with an oxygen
concentration of 0.0001% or nore and |l ess than 0.1%

[ 0194]
[ Patterni ng Process]

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

(1-1) applying the above-described conposition for
form ng an adhesive filmon the substrate to be
processed and thereafter perform ng heat treatnent to
form an adhesive film

(I1-2) formng a resist upper layer filmon the adhesive
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filmusing a photoresist materi al;

(I-3) formng a circuit pattern in the resist upper

| ayer film by devel oping the resist upper layer film
usi ng a devel oper after pattern exposure;

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

(I-5) processing the substrate to be processed while
using the resist upper |ayer film and/or the adhesive
filmhaving the formed pattern as a mask to forma
pattern in the substrate to be processed.

[ 0195]

The patterning process of the present invention
will be described below by taking a four-layer resist
process as an exanple, but not limted to this process.
Firstly, provided is a patterning process for formng a
pattern in a substrate to be processed. The nmethod at
| east includes: formng a resist underlayer filmon a
substrate to be processed using an organic film
material; formng a silicon-containing mddle layer film
(silicon-containing resist mddle |ayer film on the
resi st underlayer filmusing a resist mddle |ayer film
material containing silicon atonms; form ng an adhesive
filmon the silicon-containing resist mddle layer film
usi ng the conposition for formng an adhesive film of
the present invention; form ng a resist upper layer film
on the adhesive filmusing a resist upper layer film
mat eri al consisting of a photoresist conposition,
thereby yielding a nultilayer resist film formng a
resi st upper layer filmpattern in the resist upper
| ayer film by exposing and then devel oping a pattern
circuit area of the resist upper layer filmusing a

devel oper; form ng an adhesive film pattern by etching
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t he adhesive filmwhile using the obtained resist upper
| ayer film pattern as an etching mask; formng a
silicon-containing resist mddle layer film pattern by
etching the silicon-containing resist mddle [ayer film
whil e using the resist upper layer film pattern and/or

t he adhesive filmpattern remaining after the previous
etching as an etching mask; form ng a resist underlayer
filmpattern by etching the resist underlayer filmwhile
usi ng the obtained silicon-containing resist mddle

| ayer film pattern as an etchi ng mask; and further
formng a pattern in the substrate to be processed by
etching the substrate to be processed while using the
obt ai ned resist underlayer filmpattern as an etching
mask.

[ 0196]

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

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

(I'1-2) formng a silicon-containing resist mddle |ayer
filmon the resist underlayer film

(I1'1-3) applying the above-descri bed conposition for
form ng an adhesive filmon the silicon-containing
resist mddle layer filmand thereafter perform ng heat
treatment to form an adhesive film

(I'l-4) formng a resist upper layer filmon the adhesive
filmusing a photoresist materi al;

(I'l-5) formng a circuit pattern in the resist upper

| ayer film by devel oping the resist upper layer film
usi ng a devel oper after pattern exposure;

(I'l-6) transferring a pattern to the adhesive film by

dry etching while using the resist upper |ayer film
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having the formed circuit pattern as a mask
(I'1-7) transferring a pattern to the silicon-containing
resist mddle layer filmby dry etching while using the
resi st upper layer film and/or the adhesive fil m having
the formed pattern as a mask
(I1'1-8) transferring a 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
(I'1-9) processing the substrate to be processed while
using the resist underlayer film having the transferred
pattern as a mask to forma pattern in the substrate to
be processed.
[0197]

As the silicon-containing resist mddle layer film
in the above four-layer resist process, a
pol ysi | sesqui oxane-based m ddle layer filmis also
preferable for use. By providing the silicon-containing
resist mddle layer filmwith an antireflection effect,
it is possible to suppress reflection. Wen a materi al
contai ni ng many aromati c groups and havi ng high
substrate etching resistance is used as the resist
under| ayer filmespecially for exposure at 193 nm the
k-val ue and thus the substrate reflection increase.
However, suppression of the reflection by the silicon-
containing resist mddle |layer film can reduce the
substrate reflection to 0.5% or |less. Preferably used
as the silicon-containing resist mddle [ayer film
having the antireflection effect is polysilsesqui oxane
havi ng a pendant anthracene for exposure at 248 nm or
157 nm or a pendant phenyl group or a pendant |ight-
absorbing group having a silicon-silicon bond for

exposure at 193 nm where the polysilsesquioxane is
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cross-linked by acid or heat.
[ 0198]

In this case, it is sinpler and nore cost
advant ageous to formthe silicon-containing resist
m ddl e | ayer filmby a spin coat nmethod, rather than a
CVD net hod.

[ 0199]

Mor eover, an inorganic hard mask mddle |layer film
may be formed as the silicon-containing mddle |ayer
film |In this case, it is at |east possible to: forma
resi st underlayer filmon a substrate to be processed
using an organic filmmaterial; forman inorganic hard
mask m ddle |ayer filmselected froma silicon oxide
film a silicon nitride film and a silicon oxynitride
filmon the resist underlayer film form an adhesive
filmon the inorganic hard mask m ddle | ayer filmusing
the conposition for formng an adhesive film of the
present invention; forma resist upper layer filmon the
adhesive filmusing a resist upper |layer filmnpmateri al
consisting of a photoresist conposition, and expose and
t hen develop a pattern circuit area of the resist upper
| ayer filmusing a devel oper to forma resist upper
| ayer filmpattern in the resist upper layer filnm form
an adhesive filmpattern by etching the adhesive film
whil e using the obtained resist upper |layer filmpattern
as an etching mask; form an inorganic hard mask m ddl e
| ayer film pattern by etching the inorganic hard mask
m ddl e | ayer filmwhile using the obtained adhesive film
pattern as an etching nmask; forma resist underlayer
filmpattern by etching the resist underlayer filmwhile
usi ng the obtained inorganic hard mask mddle |ayer film
pattern as an etching nmask; and further forma pattern

in the substrate to be processed by etching the
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substrate to be processed while using the obtained
resi st underlayer filmpattern as an etching mask.
[ 0200]

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

(I'11-1) formng a resist underlayer filmon the
substrate to be processed;

(I'1'1-2) 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

(I'11-3) applying the above-descri bed conposition for
form ng an adhesive filmon the inorganic hard mask

m ddl e | ayer film and thereafter perform ng heat
treatment to form an adhesive film

(I'1'1-4) formng a resist upper layer filmon the
adhesive filmusing a photoresist materi al ;

(I'1'1-5) formng a circuit pattern in the resist upper

| ayer film by devel oping the resist upper layer film
usi ng a devel oper after pattern exposure;

(I'1'1-6) transferring a pattern to the adhesive film by
dry etching while using the resist upper |ayer film
having the formed circuit pattern as a mask

(I'1'1-7) transferring a pattern to the inorganic hard
mask m ddle |ayer filmby dry etching while using the
resi st upper layer film and/or the adhesive film having
the formed pattern as a mask

(I'1'1-8) transferring a pattern to the resist 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'1'1-9) processing the substrate to be processed while
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using the resist underlayer filmhaving the transferred
pattern as a mask to forma pattern in the substrate to
be processed.

[ 0201]

As descri bed above, in the case of form ng the
i norgani ¢ hard mask m ddle layer filmon the resist
underlayer film a silicon oxide film a silicon nitride
film and a silicon oxynitride film(SiONfilm can be
formed by a CvD, ALD, or other nethods. |In other words,
the inorganic hard mask mddle layer filmis preferably
formed by a CVD or ALD net hod. For exanple, a nethod
for formng a silicon nitride filmis described in JP
2002- 334869 A and WO 2004/ 066377 Al. The inorganic hard
mask mddle |layer filmhas a filmthickness of
preferably 5 to 200 nm nore preferably 10 to 100 nm
Additionally, a SIONfilm which is highly effective as
an antireflective film is the nost preferable for use
as the inorganic hard mask mddle layer film Since a
substrate tenperature during formng the SiON film
beconmes 300 to 500°C, the resist underlayer film should
wi t hstand the tenperature of 300 to 500°C.

[ 0202]

I n the above four-layer resist process, the resist
upper layer filmnmay be either a positive or negative
type, and a photoresist conposition sane as those
typically used as a photoresist material can be used
therefor. Additionally, the photoresist materi al
preferably contains at | east an organonetallic conpound
and a solvent, where the organonetallic conpound nore
preferably contains at | east one selected fromtitanium
cobalt, copper, zinc, zirconium lead, indium tin,
anti nmony, and hafnium but the photoresist material is

not limted thereto. After spin-coating the photoresist
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conposition, prebaking is performed preferably at 60 to
180°C for 10 to 300 seconds. Thereafter, exposure is
performed according to a usual manner, followed by post
exposure bake (PEB) and devel opnent, thereby obtaining
the resist upper layer filmpattern. Note that a

t hi ckness of the resist upper layer filmis not
particularly limted, but preferably 30 to 500 nm and
particularly preferably 50 to 400 nm

[ 0203]

When t he photoresist material is the conposition
contai ning at | east the organonetallic conpound and a
solvent, it is possible to inpart a coll apse prevention
effect on a fine pattern and appropriately adjust a
pattern profile, exposure sensitivity, etc. of the
resi st upper layer film At the sane tinme, in the case
of using the photoresist material containing the
organonetal I i c conpound and a solvent, it is possible to
prevent the netallic conpound from contam nati ng the
substrate to be processed.

[ 0204]

The circuit pattern (resist upper layer film
pattern) is fornmed in the resist upper layer film As a
met hod for formng the circuit pattern in the resi st
upper layer film photolithography with a wavel ength of
10 nmor nore and 300 nmor |ess, direct draw ng using
an el ectron beam nanoinprinting, or a conbination
thereof is preferably used.

[ 0205]

Not e t hat exposure |ight includes high-energy ray
havi ng a wavel ength of 300 nmor |ess. Specific
exanpl es thereof include far ultraviolet ray, KrF
exci mer | aser beam (248 nm), ArF excinmer |aser beam (193
nm, F2 |laser beam (157 nm), Kr2 | aser beam (146 nm, Ar:
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| aser beam (126 nm), soft X-ray (EUV) with 3 to 20 nm
el ectron beam (EB), ion beam X-ray, and the |iKke.
[ 0206]

Addi tionally, a devel opment nethod of the circuit
pattern is preferably al kaline devel opnent or
devel opnent using an organic sol vent.

[ 0207]

Next, etching is performed by using the obtained
resi st upper layer filmpattern as a mask. The etching
of the adhesive filmin the four-layer resist process is
performed with an oxygen gas while the resist upper
| ayer filmpattern is used as a mask. In this manner,

t he adhesive filmpattern is forned.
[ 0208]

Next, the resist upper layer film pattern and/ or
t he adhesive filmpattern remaining after the previous
etching is used as a mask to performetching. The
etching of the silicon-containing resist mddle |ayer
filmand the inorganic hard mask mddle layer filmis
performed with a chl orofl uorocarbon gas while the resist
upper |ayer filmpattern and/or the adhesive film
pattern remaining after the previous etching is used as
a mask. In this manner, the silicon-containing resist
m ddl e | ayer film pattern and the inorganic hard mask
m ddl e | ayer film pattern are formed.

[ 0209]

The etching of the adhesive film my be perforned
consecutively prior to the etching of the silicon-
containing mddle layer film or an etching apparatus
can be changed after performng only the etching of the
adhesive film and then the etching of the silicon-
containing mddle layer filmcan be perforned.

[ 0210]
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Next, the obtained silicon-containing resist mddle
| ayer film pattern or the inorganic hard mask m ddl e
| ayer filmpattern is used as a mask to perform etching
of the resist underlayer film
[0211]

Subsequent etching of the substrate to be processed
can al so be perfornmed in a usual manner. For exanpl e,
when the substrate to be processed is a Si®;, SiN, or
silica lowdielectric insulating film etching is
perfornmed mainly using a chlorofluorocarbon gas. Wen
t he substrate to be processed is made of p-Si, A, or W
etching is performed mainly using a chlorine or brom ne
gas. \When the substrate is processed by etching with a
chl orof | uorocarbon gas, the silicon-containing mddle
| ayer film pattern in the three-layer resist process is
debonded sinul taneously with the processing of the
substrate. When the substrate is processed by etching
with a chlorine or brom ne gas, the silicon-containing
m ddl e | ayer film pattern should be separately debonded
by dry etching with a chlorofl uorocarbon gas after
processi ng of the substrate.

[0212]

Note that the substrate to be processed is not
particularly limted. A sem conductor apparatus
substrate or the sem conductor apparatus substrate
coated with any of a nmetal film a metal carbide film a
metal oxide film a netal nitride film a netal
oxycarbide film and a netal oxynitride film can be
used. Usable as the netal is silicon, titanium
tungsten, hafnium zirconium chrom um germani um
copper, silver, gold, alum num indium gallium
arsenic, palladium iron, tantalum iridium cobalt,

manganese, nol ybdenum or an alloy thereof.
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[ 0213]

Specifically, a substrate made of Si, o-Si, p-Si,
Si®, SIN, SiONyb W TiN, A, or the like, or the
substrate on which a |layer to be processed is deposited,
etc., is used. As the layer to be processed, various
Low-k filnms such as those nade of Si, Si®, SiON, SiN, p-
Si, o-Si, W, W-Si, Al, Cu, or Al-Si, and a stopper film
t hereof are used, which can be fornmed to have a
t hi ckness of typically 50 to 10,000 nm and particularly
100 to 5,000 nm Note that in the case of depositing
the layer to be processed, the substrate and the | ayer
to be processed for use are made of different materials.
[ 0214]

An exanmpl e of the four-layer resist process wll be
specifically described below with reference to FIG 1.
In the case of the four-layer resist process, as
illustrated in FIG 1(A), a resist underlayer film3 is
formed on a layer to be processed 2, which is |am nated
on a substrate 1, using an organic film materi al.
Thereafter, a silicon-containing mddle layer film4 is
formed, an adhesive film5 is formed thereon using the
conposition for formng an adhesive filmof the present
i nvention, and a resist upper layer film®6 is forned
t her eon.

[ 0215]

Next, as illustrated in FIG 1(B), an exposed
portion 7 of the resist upper layer filmis exposed and
subj ected to PEB and devel opnment to forma resist upper
| ayer film pattern 6a (FIG 1(C)). The adhesive film5
is processed by etching with O gas while using the
obt ai ned resist upper layer filmpattern 6a as a mask,

t hereby form ng an adhesive filmpattern 5a (FIG 1(D)).

The silicon-containing mddle layer film4 is processed
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by etching with CF gas while using the obtained adhesi ve
filmpattern 5a as a mask, thereby formng a silicon-
containing mddle |ayer filmpattern 4a (FIG 1(E)).
After renmoving the adhesive film pattern 5a, the resist
underl ayer film3 is processed by etching with & gas
whil e using the obtained silicon-containing mddle |ayer
filmpattern 4a as a mask, thereby form ng a resist
underl ayer filmpattern 3a (FIG 1(F)). Further, after
renoving the silicon-containing mddle |ayer film
pattern 4a, the layer to be processed 2 is processed by
etching while using the resist underlayer film pattern
3a as a mask, thereby formng a pattern 2a (FIG 1(Q)).
[0216]

In this manner, with the patterning process of the
present invention, it is possible to forma fine pattern
in a substrate to be processed with high precision in a
mul til ayer resist process.

EXAMPLE
[0217]

Hereinafter, the present invention will be nore
specifically described with reference to Synthesis
Exanpl es, Conparative Synthesis Exanpl es, Exanples, and
Conpar ative Exanples. However, the present invention is
not limted thereto. Incidentally, a nolecular weight
was measured by gel perneation chromatography (GPC)
usi ng tetrahydrofuran (THF) or N, N-di met hyl f or mam de
(DMF) as an eluent, and a dispersity (M M) was
det erm ned based on a wei ght average nol ecul ar wei ght
(Mwv) and a number average nol ecul ar weight (WM1) in terns
of polystyrene. The neasurenent tenperature was 40°C.

[ 0218]

Mononmers (Bl) to (B21) shown bel ow were used for
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synt hesi s of polyners
polynmers (Rl) to (R5),

(Al) to (A24) and conparative
which were used as the resin (A)

in an adhesive filmformati on materi al .

[0219]

(B10) (B11)

/

(B20)

[ 0220]
[ Synt hesi s Exanple 1]

(B6) (B7)

Synt hesi s of Pol ynmer (Al)

Under

35.1 g of the nononer

a nitrogen atnosphere,
(B1), (B17),
(di met hyl

Pure Chem cal Corporation),

2,2 -azobis(isobutyrate),
and 340 g of DAA (di acetone

64.9 g of the nmononer
4.13 g of V-601
produced by Wako

al cohol) were neasured into a 1 L flask and then

degassed under stirring,

pol ymeri zation initiator solution.
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60 g of DAA was



measured into another 1 L flask under a nitrogen

at nosphere, degassed under stirring, and thereafter
heated till an internal tenperature reached 80°C. The
nonomer - pol ynerization initiator solution was added

t hereto dropwi se over 4 hours. Subsequently, the

pol ymeri zati on sol ution was continuously stirred for 16
hours while the tenperature thereof was kept at 80°C,
and then cooled to roomtenperature. The polymerization
solution thus obtained was added dropwi se to 1,500 g of
vigorously stirred hexane, and a precipitated pol yner
was separated by filtration. Further, the obtained

pol yner was washed twice with 600 g of hexane, and then
dried under vacuum at 50°C for 20 hours to obtain the
white powdered polymer (Al) (yield 98.4 g, 95% . The
aver age polynmer nol ecul ar weight (Mwv) and dispersity
(Mnv M) of the polynmer (Al) were determ ned by GPC as
foll ows: Ma=27,900 and Mwm Mn=1. 92.

oL 2w
00

[ Synthesis Exanples 2 to 24, Conparative Synthesis
Exanples 1 to 2] Synthesis of Polynmers (A2) to (A24) and
Conpar ative Polynmers (Rl) to (R2)

The polymers (A2) to (A24) and the conparative
polynmers (Rl) to (R2) were obtained as products through
reacti on and postprocessing under the sanme conditions as
in Synthesis Exanple 1, except that the nononers and
pol ymeri zation initiators shown in Table 1 were used.
Furthernmore, the wei ght average nol ecul ar wei ght (Mn)
and di spersity (Mwv Mn) determ ned by GPC are shown
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together with the polynmer (Al).
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[ 0223]
[ Conparative Synthesis Exanple 3] Synthesis of
Conpar ative Polymer (R3)

Under a nitrogen atnosphere, 62.8 g of the nononer
(B9), 37.2 g of the nmononer (B10), 1.45 g of V-601, and
340 g of PGVEA were neasured into a 1 L flask and then
degassed under stirring, thereby preparing a nononer-
pol ymeri zation initiator solution. 60 g of PGVEA was
measured into another 1 L flask under a nitrogen
at nosphere, degassed under stirring, and thereafter
heated till an internal tenperature reached 80°C. The
monomner - pol ynerization initiator solution was added
t hereto dropwi se over 4 hours. Subsequently, the
pol ymeri zati on sol ution was continuously stirred for 16
hours while the tenperature thereof was kept at 80°C,
and then cooled to roomtenperature. The polymerization
solution thus obtained was added dropwi se to 1,500 g of
vigorously stirred hexane, and a precipitated pol yner
was separated by filtration. Further, the obtained
pol ymer was washed twice with 600 g of hexane, and then
dried under vacuum at 50°C for 20 hours to obtain the
white powdered conparative polyner (R3) (yield 97.5 g,
969 . The average pol ynmer nol ecul ar wei ght (Ms) and
di spersity (Mv M) of the polynmer (R3) were determ ned
by GPC as follows: Mwv=33,500 and Maw Wh=1. 88.

(O o 0
(R3)
O
O

[ 0224]
[ Conparative Synthesis Exanple 4] Synthesis of
Conpar ative Pol ymer (R4)
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Under a nitrogen atnosphere, 64.3 g of the nononer
(B9), 35.7 g of the nmononer (B11), 1.49 g of V-601, and
340 g of PGVEA were neasured into a 1 L flask and then
degassed under stirring, thereby preparing a nonomer-
pol ymeri zation initiator solution. 60 g of PGVEA was
measured into another 1 L flask under a nitrogen
at nosphere, degassed under stirring, and thereafter
heated till an internal tenperature reached 80°C. The
nonomer - pol yneri zation initiator solution was added
t hereto dropwi se over 4 hours. Subsequently, the
pol ymeri zati on sol ution was continuously stirred for 16
hours while the tenperature thereof was kept at 80°C,
and then cooled to roomtenperature. The polynerization
solution thus obtained was added dropwi se to 1,500 g of
vigorously stirred hexane, and a precipitated pol yner
was separated by filtration. Further, the obtained
pol yner was washed twice with 600 g of hexane, and then
dried under vacuum at 50°C for 20 hours to obtain the
white powdered conparative polyner (R4) (yield 96.5 g,
95% . The average pol ynmer nol ecul ar wei ght (Ms) and
di spersity (Mv M) of the polynmer (R4) were determ ned
by GPC as follows: Ma=32,200 and Mw Mh=1. 80.

O O O O
(R4)
o X
O

[ 0225]
[ Conparative Synt hesis Exanple 5] Synthesis of
Conpar ative Pol ymer (R5)

Under a nitrogen atnosphere, 66.1 g of the nmononer
(B9), 33.9 g of the nmononer (B16), 1.49 g of V-601, and
340 g of PGVEA were neasured into a 1 L flask and then
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degassed under stirring, thereby preparing a nonomner-
pol ymeri zation initiator solution. 60 g of PGVEA was
measured into another 1 L flask under a nitrogen

at nosphere, degassed under stirring, and thereafter
heated till an internal tenperature reached 80°C. The
nonomer - pol ynerization initiator solution was added

t hereto dropwi se over 4 hours. Subsequently, the

pol ynmeri zati on sol ution was continuously stirred for 16
hours while the tenperature thereof was kept at 80°C,
and then cooled to roomtenperature. The polymerization
solution thus obtained was added dropwi se to 1,500 g of
vigorously stirred hexane, and a precipitated pol yner
was separated by filtration. Further, the obtained

pol ymer was washed twice with 600 g of hexane, and then
dried under vacuum at 50°C for 20 hours to obtain the
white powdered conparative polyner (R5) (yield 97.0 g,
969 . The average pol ynmer nol ecul ar wei ght (Ms) and

di spersity (Mv M) of the polynmer (R5) were determ ned
by GPC as follows: Mwv=31, 200 and Mw Mh=1. 82.

D

[ 0226]
[ Conparative Synthesis Exanple 6] Synthesis of

(RS)

Conpar ative Polymer (R6)
The conparative polyner (R6) was synthesized
according to the method described in paragraph [0136] of

Pat ent Docunment 6.
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[ 0227]
[ Conparative Synthesis Exanple 7] Synthesis of
Conpar ative Pol ymer (R7)

The conparative polyner (R7) was synthesized
according to the method described in paragraph [0155] of
Pat ent Docunent 7.

a/\%

[ 0228]
Preparation of Adhesive Film Material (AL-1 to 33,
Conparative AL-1 to 7)

The above-descri bed polynmers (Al) to (A24) and

conparative polynmers (Rl) to (R7), and additives (AD1l)
to (AD7) as descri bed bel ow were dissol ved using
propyl ene gl ycol nonomethyl ether acetate (PGVEA)
contai ning 0.01 mass% of PF6320 (produced by OVNOVA
Solutions Inc.), diacetone alcohol (DAA), or ethyl

| actate (EL) in the proportions shown in Table 2, and
thereafter filtered through a 0.1 pym filter made of a
fluororesin, thereby respectively preparing adhesive
filmmterials (AL-1 to 33, Conparative AL-1 to 7).
Not e that Conparative AL-7 was prepared to have the sane
conposition as AL8 described in paragraph [0165] of

Pat ent Docunment 7.
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[ 0229]

o
(CHsCHo)sN*H (CH4CHa)3N*H )iy
(CH3CH2)sN*"H N"NA

~~7 N
O : : o)
- / O'--..
C4FgSO; >kr( \24803 @\W \y)ésos N\n/N«J
o)

CF3

(AD1) (AD2) (AD3) (AD4)

b

OH

m U

@)
/ o
C4FgSO5”
(ADS6) (AD7)

[ 0230]
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[ Tabl e 2]

Organi c sol vent:

116

Pol ymer Additive 1 | Additive 2 Sol vent
AL-1 (A1)[1.0] | (AD1)[0.01] PGMEA[ 167] , DAA[ 167]
AL-2 (A1)[1.0] | (AD1)[0.01] PGMEA[ 167] , EL[ 167]
AL-3 (A1)[1.0] | (AD1)[0.01] PGMEA[ 40] , DAA[ 40]
AL- 4 (A1)[1.0] |- PGMEA[ 167] , DAA[ 167]
AL-5 (A1)[1.0] | (AD2)[0.01] PGMEA[ 167] , DAA[ 167]
AL-6 (A1)[1.0] | (AD3)[0.01] PGMEA[ 167] , DAA[ 167]
AL-7 (A1)[0.9] | (AD4)[0.1] PGMEA[ 167] , DAA[ 167]
AL-8 (A1)[0.9] | (AD5)[0.1] PGMEA[ 167] , DAA[ 167]
AL-9 (A1)[0.9] |(AD6)[0.1] |- PGMEA[ 167] , DAA[ 167]
AL-10 (A1)[0.9] | (AD2)[0.01] | (AD6)[0.1] |PGVEA[167], DAA[ 167]
AL-11 (A2)[1.0] | (AD3)[0.01] |- PGMEA[ 167] , DAA[ 167]
AL-12 (A3)[1.0] | (AD3)[0.01] PGMEA[ 167] , DAA[ 167]
AL-13 (A4)[1.0] | (AD3)[0.01] PGMEA[ 167] , DAA[ 167]
AL- 14 (A5)[1.0] | (AD3)[0.01] PGMEA[ 167] , DAA[ 167]
AL-15 (A6)[1.0] | (AD3)[0.01] PGMEA[ 167] , DAA[ 167]
AL- 16 (A7)[1.0] | (AD3)[0.01] PGMEA[ 167] , DAA[ 167]
AL-17 (A8)[1.0] | (AD3)[0.01] PGMEA[ 167] , DAA[ 167]
AL-18 (A9)[1.0] | (AD3)[0.01] PGMEA[ 167] , DAA[ 167]
AL-19 (A10)[1.0] | (AD3)[0. 01] PGMEA[ 167] , DAA[ 167]
AL-20 (A11)[1.0] | (AD3)[0. 01] PGMEA[ 167] , DAA[ 167]
AL-21 (A12)[1.0] | (AD3)[0. 01] PGMEA[ 167] , DAA[ 167]
AL-22 (A13)[1.0] | (AD3)[0. 01] PGMEA[ 167] , DAA[ 167]
AL-23 (A14)[1.0] | (AD3)[0. 01] PGMEA[ 167] , DAA[ 167]
AL- 24 (A15)[1.0] | (AD3)[0. 01] PGMEA[ 167] , DAA[ 167]
AL- 25 (A16)[1.0] | (AD3)[0. 01] PGMEA[ 167] , DAA[ 167]
AL-26 (A17)[1.0] | (AD3)[0. 01] PGMEA[ 167] , DAA[ 167]
AL-27 (A18)[1.0] | (AD3)[0. 01] PGMEA[ 167] , DAA[ 167]
AL-28 (A19)[1.0] | (AD3)[0. 01] PGMEA[ 167] , DAA[ 167]
AL-29 (A20)[1.0] | (AD3)[0. 01] PGMEA[ 167] , DAA[ 167]
AL-30 (A21)[1.0] | (AD3)[0. 01] PGMEA[ 167] , DAA[ 167]
AL-31 (A22)[1.0] | (AD3)[0. 01] PGMEA[ 167] , DAA[ 167]
AL-32 (A23)[1.0] | (AD3)[0. 01] PGMEA[ 167] , DAA[ 167]
AL-33 (A24)[1.0] | (AD3)[0. 01] PGMEA[ 167] , DAA[ 167]
Conp. AL-1 |(R1)[1.0] | (AD3)[0.01] PGMEA[ 167] , DAA[ 167]
Conp. AL-2 |(R2)[1.0] | (AD3)[0.01] PGMEA[ 167] , DAA[ 167]
Conp. AL-3 | (R3)[1.0] | (AD3)[0.01] PGMEA[ 167] , DAA[ 167]
Conp. AL-4 | (R4)[1.0] | (AD3)[0.01] PGMEA[ 167] , DAA[ 167]
Conp. AL-5 | (R5)[1.0] | (AD3)[0.01] PGMEA[ 167] , DAA[ 167]
Conp. AL-6 | (R6)[1.0] | (AD3)[0.01] |- PGMEA[ 167] , DAA[ 167]
Conp. AL-7 | (R7)[1.0] | (AD1)[0.02] | (AD7)[0.04] | PGVEA[ 320]
[ 0231]
The respective conponents in Table 2 are as
foll ows.




PGVEA (propyl ene glycol nononethyl ether acetate)

DAA (di acet one al cohol)

EL (ethyl |actate)

[ 0232]

Exanpl e 1: Application Performance Test on Wafer with

Various Films (Exanples 1-1 to 1-33, Conparative

Exanples 1-1 to 1-7)

The above adhesive filmmterials (AL-1 to 33,
Conparative AL-1 to 7) were respectively applied onto a
substrate subjected to hexanet hyl di sil azane ( HVDS)
treatment at 120°C for 60 seconds, or a substrate on
which a CVD-Si0O2, CVD-Si ON, CVD- anor phous Si, CVD-
anmor phous carbon, or CVD-SiN filmwas fornmed, and baked
at 250°C for 60 seconds to form an adhesive film having
a filmthickness of 5 nm (AL-1 to 2 and 4 to 33,
Conparative AL-1 to 7) or a thickness of 20 nm (AL-3).
Further, the filmsurface was then observed with an
optical mcroscope to confirm presence/ absence and the
nunber of application errors. The results thereof are
shown in Table 3. Incidentally, the notations in the
table correspond to the foll ow ng.
++: no abnormality
+: 1 to 5 pinhol e-shaped application errors recognized
-: 6 to 10 pinhol e-shaped application errors recognized
--: 11 or nore pinhol e-shaped application errors, or
count | ess pi nhol e-shaped application errors occurred,
making it inpossible to forma film
[ 0233]
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[ Tabl e 3]

ANVDS-
Mat eri al treated g\lla glvg\l CS\I/II}\I armcr:\;)%ous arm%[;ous
substrate Si car bon

Ex.1-1 AL-1 ++ ++ ++ ++ ++ ++

Ex.1-2 AL-2 ++ ++ ++ ++ ++ ++

Ex.1-3 AL-3 ++ ++ ++ ++ ++ ++

Ex. 1-4 AL-4 ++ ++ ++ ++ ++ ++

Ex.1-5 AL-5 ++ ++ ++ ++ ++ ++

Ex.1-6 AL-6 ++ ++ ++ ++ ++ ++

Ex.1-7 AL-7 ++ ++ ++ ++ ++ ++

Ex.1-8 AL-8 ++ ++ ++ ++ ++ ++

Ex.1-9 AL-9 ++ ++ ++ ++ ++ ++
Ex. 1- 10 AL-10 ++ ++ ++ ++ ++ ++
Ex.1-11 AL-11 ++ ++ ++ ++ ++ ++
Ex.1-12 AL-12 ++ ++ ++ ++ ++ ++
Ex.1-13 AL-13 ++ ++ ++ ++ ++ ++
Ex. 1-14 AL-14 ++ ++ ++ ++ ++ ++
Ex. 1-15 AL-15 ++ ++ ++ ++ ++ ++
Ex. 1-16 AL-16 ++ T+ + + o "
Ex.1-17 AL-17 ++ ++ ++ ++ ++ ++
Ex. 1-18 AL-18 ++ ++ ++ ++ ++ ++
Ex. 1-19 AL-19 ++ ++ ++ ++ ++ ++
Ex. 1- 20 AL-20 ++ ++ ++ ++ ++ ++
Ex. 1-21 AL-21 ++ ++ ++ ++ ++ ++
Ex. 1-22 AL-22 ++ ++ ++ ++ ++ ++
Ex. 1-23 AL-23 ++ ++ ++ ++ ++ ++
Ex. 1-24 AL-24 ++ ++ ++ ++ ++ ++
Ex. 1- 25 AL- 25 ++ ++ ++ ++ ++ ++
Ex. 1- 26 AL- 26 ++ ++ ++ ++ ++ ++
Ex. 1-27 AL-27 ++ ++ + + ++ ++
Ex. 1-28 AL-28 ++ ++ ++ ++ ++ ++
Ex. 1- 29 AL- 29 ++ ++ ++ ++ ++ ++
Ex. 1- 30 AL- 30 ++ ++ ++ ++ ++ ++
Ex. 1-31 AL- 31 ++ ++ ++ ++ ++ ++
Ex. 1-32 AL- 32 ++ ++ ++ ++ ++ ++
Ex. 1- 33 AL- 33 ++ ++ + + ++ +
Corrﬁ.lEx. CAOL”pl ++ ++ ++ ++ ++ ++
Corrﬁ.zEx. CAOL”pz ++ ++ ++ ++ ++ ++
Comp. Ex. .

T3 s " S ] * ]
Conmp. Ex. .
nlp- 4 CAol_rt]o4 * A - - * -
Corr:ﬁ.SEx. CAOLH:p5 ++ ++ - - ++ +
Con:ﬁ'6EX' CAOLH:pe ++ ++ - - ++ +
Co nﬁ'7EX ’ (?AOLH:F; ++ ++ + + + +
[ 0234]
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As shown in Table 3, in Exanples 1-1 to 1-33
respectively using the adhesive filmmaterials (AL-1 to
33) as the conposition for form ng an adhesive fil m of
the present invention, the results generally show the
smal | nunber of pinhol e-shaped application errors. 1In
particular, it can be seen that those containing nore
structural units represented by the general fornula (1)
had especially excellent application performance. On
t he other hand, in Conparative Exanples 1-3 to 1-6
respectively using Conparative AL-3 to 6 containing no
structural unit represented by the general fornmula (1),
the results show slightly poorer application performance
t han the others.

[ 0235]

Exanpl e 2: Application Performance Test on Silicon-

Cont ai ni ng Resist Mddle Layer Film (Exanples 2-1 to 2-

33, Conparative Exanples 2-1 to 2-7)
SHB- A940 produced by Shin-Etsu Chem cal Co., Ltd.

as a silicon-containing resist mddle layer film

conposition was applied onto a silicon wafer substrate
and baked at 215°C for 60 seconds to forma silicon-
containing resist mddle |layer filmhaving a film

t hi ckness of 20 nm Further, the above adhesive film
materials (AL-1 to 33, Conparative AL-1 to 7) were
respectively applied thereto and baked at 250°C for 60
seconds to form an adhesive filmhaving a filmthickness
of 5 nm(AL-1 to 2 and 4 to 33, Conparative AL-1 to 7)
or a thickness of 20 nm (AL-3). Thereafter, the film
surface was observed with an optical mcroscope to
confirm presence/ absence and the nunber of application
errors. The results thereof are shown in Table 4.

I ncidentally, the notations in the table correspond to

t he follow ng.
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++: no abnormality

+: 1 to 5 pinhol e-shaped application errors recognized
-. 6 to 10 pinhol e-shaped application errors recogni zed
--: 11 or nore pinhol e-shaped application errors, or
countl ess pi nhol e-shaped application errors occurred,
making it inpossible to forma film

[ 0236]
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[ Tabl e 4]

Application
Mat eri al performance
on SHB- A940
Exanple 2-1 AL-1 ++
Exanpl e 2-2 AL- 2 ++
Exanpl e 2-3 AL- 3 ++
Exanpl e 2-4 AL- 4 ++
Exanple 2-5 AL-5 ++
Exanpl e 2-6 AL- 6 ++
Exanple 2-7 AL-7 ++
Exanpl e 2-8 AL- 8 ++
Exanpl e 2-9 AL-9 ++
Exampl e 2-10 AL-10 ++
Exampl e 2-11 AL- 11 ++
Exampl e 2-12 AL-12 ++
Exanmpl e 2-13 AL-13 ++
Exanmpl e 2-14 AL- 14 ++
Exanmpl e 2-15 AL- 15 ++
Exanpl e 2-16 AL- 16 +
Exampl e 2-17 AL- 17 ++
Exampl e 2-18 AL-18 ++
Exampl e 2-19 AL-19 ++
Exampl e 2-20 AL- 20 ++
Exampl e 2-21 AL- 21 ++
Exampl e 2-22 AL- 22 ++
Exampl e 2-23 AL-23 ++
Exanmpl e 2-24 AL- 24 ++
Exanmpl e 2-25 AL- 25 ++
Exanmpl e 2- 26 AL- 26 ++
Exampl e 2-27 AL- 27 +
Exanpl e 2-28 AL- 28 ++
Exanmpl e 2-29 AL- 29 ++
Exampl e 2-30 AL- 30 ++
Exampl e 2-31 AL- 31 ++
Exampl e 2-32 AL- 32 ++
Exampl e 2-33 AL- 33 +
Conparative Conparati ve t
Exanple 2-1 AL-1
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Conparative Conparative t
Exanpl e 2-2 AL- 2
Conparative Conparative
Exanpl e 2-3 AL-3 o
Conpar ati ve Conpar ative
Exanpl e 2-4 AL- 4 o
Conpar ati ve Conpar ati ve
Exanpl e 2-5 AL-5 i
Conpar ati ve Conpar ati ve
Exanpl e 2-6 AL- 6 i
Conparative Conparative +
Exanple 2-7 AL-7

[ 0237]

As shown in Table 4, Exanples 2-1 to 2-33
respectively using the adhesive filmmterials (AL-1 to
33) as the conposition for form ng an adhesive fil m of
t he present invention exhibited good application
perfornmance even on the silicon-containing resist nmddle
| ayer film Moreover, in Conparative Exanples 2-3 to 2-
6 respectively using Conparative AL-3 to 6 containing no
structure represented by the general fornmula (1), nore
application errors occurred as conpared wi th other
exanmpl es. Thus, it has been confirmed that introduction
of this structural unit |eads to inproved application
perf or mance.

[ 0238]

Exanple 3. ArF Immersion Patterning Test (Examples 3-1

to 3-23, Conparative Exanples 3-1 to 3-3)

Spi n-on carbon ODL-301 (carbon content: 88 mass%
produced by Shin-Etsu Chem cal Co., Ltd. was applied
onto a silicon wafer substrate and baked at 350°C for 60
seconds to forma resist underlayer filmhaving a film
t hi ckness of 200 nm A CVD-Si ON hard mask m ddle | ayer
filmwas fornmed thereon, the above adhesive film
materials (AL-1 to 6, 8, 10 to 16, 23 to 27, and 30 to
33, Conparative AL-1 to 2 and 7) were respectively
further applied and baked at 250°C for 60 seconds to

form an adhesive filmhaving a filmthickness of 5 nm

122



(AL-1 to 2, 4 to 6, 8,

10 to 16, 23 to 27,

Conparative AL-1 to 2 and 7) or

(AL- 3).

mat eri al

A positive tone resist
(single-layer
105°C for

t hereto and baked at

resi st upper
nm A liquid imersion topcoat
applied onto the resist

90°C for 60 seconds to form a topcoat

resist for

upper | ayer

and 30 to 33,
a thickness of 20 nm
film

ArF) was applied

60 seconds to form a

| ayer filmhaving a filmthickness of 100

t hi ckness of 50 nm

[ 0239]

The positive tone resist
(single-layer

a pol ymner

proportions shown in Table 5,

resist for
( PRP- Al) ,

basi ¢ compound (Am nel)

upper | ayer

mat eri al

upper

(TC-1) was

filmand baked at

having a film

layer film materi al

ArF) was prepared by dissolving

an aci d generator

( PAGL),

and a

in a solvent containing 0.1
mass% of FC-430 (produced by Sumtonmo 3MLimted) in the

and filtering the

resultant through a 0.1 um filter made of a fluororesin.

[ 0240]
[ Tabl e 5]
Aci d Basi c
Pol ymer Sol vent
(parts by Cener at or Conpound (parts by
(parts by (parts by
mass) mass)
mass) mass)
Si ngl e-
Layer PRP- A1 PAG1 Am nel PGVEA
Resi st for (100) (6.6) (0.8) (2500)
ArF
[0241]
Pol ymer: PRP- Al

Mol ecul ar wei ght ( Mn) =8, 600
Di spersity (Mw Vn)=1. 88
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[ 0243]

Basi ¢ conmpound: Am nel

/ A
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\_\ N AN O\
—. =0
\_\_/ !
[ 0244]

The liquid i mersion topcoat material (TC- 1) was
prepared by dissolving a topcoat polynmer (PP1l) in an
organi c solvent in the proportions shown in Table 6 and
filtering the resultant through a 0.1 um filter made of

a fluororesin.

[ 0245]
[ Tabl e 6]
Topcoat Pol yner Organi ¢ Sol vent
(parts by mass) (parts by mass)
TC-1 PP1 di i soanyl ether (2700)
(100) 2-met hyl - 1- but anol (270)
[ 0246]

Topcoat polyner: PP1

124



Mol ecul ar wei ght ( Mn) =8, 800
Di spersity (Mw Mn)=1.69

/+\T<CF3 /I:%\’J<PH
OH CF3

CF3
[ 0247]

Next, the resist upper layer film was exposed using
an ArF imrersion |lithography system (manufactured by
Nikon Corporation; NSR-S610C, NA1.30, ©0.98/0.65, 35° s-
pol ari zed dipole illum nation, 6% half-tone phase-
shifting mask), baked (PEB) at 100°C for 60 seconds, and
devel oped for 30 seconds using a 2.38 mass%

t et ranmet hyl ammoni um hydr oxi de (TMAH) aqueous sol ution,

t hereby obtaining a 40 nm 1:1 |line-and-space pattern.
The cross section and roughness of this pattern were
observed with an electron m croscope. Furthernore, the
m ni mum di nensi on at which the line would be resol ved

wi t hout col |l apsing was determ ned by increasing the
exposure dose to narrow the |line dinension, and reported
as collapse limt (nm. The smaller value is preferable
since it indicates higher collapse resistance.

[ 0248]

The cross section and pattern roughness of the
obt ai ned pattern were eval uated respectively using an
el ectron m croscope (S-4700) manufactured by Hitach
Ltd. and an el ectron m croscope (C&000) manufactured by
Hi tachi Hi gh-Tech Corporation. The results thereof are
shown in Table 7.

[ 0249]
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[ Tabl e 7]

Pattern Col | apse Pattern cross
Mat eri al roughness limt section after
(nm (nm devel opnment
Exanmple 3-1 AL-1 1.8 35 Vertical profile
Exanmpl e 3-2 AL-2 1.8 36 Vertical profile
Exanmpl e 3-3 AL- 3 1.7 36 Vertical profile
Exanmpl e 3-4 AL- 4 1.6 35 Vertical profile
Exanpl e 3-5 AL-5 1.7 36 Vertical profile
Exanpl e 3-6 AL- 6 1.6 35 Vertical profile
Exanpl e 3-7 AL- 8 1.7 35 Vertical profile
Exanpl e 3-8 AL- 10 1.9 36 Vertical profile
Exanpl e 3-9 AL-11 1.8 35 Vertical profile
Exanpl e 3-10 AL- 12 1.7 36 Vertical profile
Exanpl e 3-11 AL- 13 1.6 37 Vertical profile
Exanpl e 3-12 AL- 14 1.7 35 Vertical profile
Exanpl e 3-13 AL- 15 1.8 36 Vertical profile
Exanpl e 3-14 AL- 16 1.8 35 Vertical profile
Exanpl e 3-15 AL- 23 1.7 34 Vertical profile
Exanpl e 3-16 AL- 24 1.6 36 Vertical profile
Exanpl e 3-17 AL- 25 1.7 37 Vertical profile
Exanpl e 3-18 AL- 26 1.7 37 Vertical profile
Exanpl e 3-19 AL- 27 1.7 35 Vertical profile
Exanpl e 3-20 AL- 30 1.8 34 Vertical profile
Exanpl e 3-21 AL- 31 1.7 34 Vertical profile
Exanpl e 3-22 AL- 32 1.6 35 Vertical profile
Exanpl e 3-23 AL- 33 1.8 35 Vertical profile
Eigpng{ :t |3vi Conp:l_r_alt lve 2.1 35 Footing profile
gzgpn;lr 2t I3V§ Corrp:l_r_azt lve 2.0 36 Footing profile
gzgpn;lr 2t |3v§ Corrp:l_r_a; lve 1.9 35 Vertical profile
[ 0250]

As shown in Table 7,

in Exanples 3-1 to 3-23

respectively using the adhesive filmmterials (AL-1 to
and 30 to 33) as the

6, 8,

i nventi on,

smal | er

10 to 16, 23 to 27,
conposition for

pattern roughness and better

form ng an adhesive filmof the present

pattern

profile can be observed as conpared with Conparative
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Exanpl es. By focusing on the collapse limt,

I nprovenment can be observed in Exanples 3-18 to 3-19
using the structural unit containing the phenolic
hydr oxy group, denonstrating contribution of this
structure to coll apse prevention performance.

[ 0251]

Exampl e 4. EUV Exposure Patterning Test with Positive

Tone Resist (Exanples 4-1 to 4-15, Conparative Exanpl es
4-1 to 4-4)

Spi n-on carbon ODL-301 (carbon content: 88 mass%

produced by Shin-Etsu Chem cal Co., Ltd. was applied
onto a silicon wafer substrate and baked at 350°C for 60
seconds to forma resist underlayer filmhaving a film
t hi ckness of 100 nm A silicon-containing spin-on hard
mask SHB- A940 (silicon content: 43 mass% produced by
Shin-Etsu Chem cal Co., Ltd. was applied thereto, and
baked at 215°C for 60 seconds to forma silicon-
containing mddle layer filmhaving a filmthickness of
15 nm Further, the above adhesive filmnmmaterials (AL-
4, 5, 8, 10, 14 to 16, 23 to 29, and 32, Conparative AL-
1, 2, and 7) were respectively applied and baked at
250°C for 60 seconds to form an adhesive film having a
filmthickness of 5 nm A conposition for formng a
positive tone resist upper layer film(single-Ilayer
resist for EUV) was applied thereto and baked at 100°C
for 60 seconds to forma resist upper |ayer film having
a filmthickness of 40 nm Furthernore, a silicon-
containing mddle |ayer filmwas formed in the sane
manner as descri bed above, and thereafter the
conposition for formng a positive tone resist upper

| ayer film (single-layer resist for EUV) was al so
applied directly on the silicon-containing mddle |ayer

filmw thout form ng an adhesive film
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[ 0252]

The conposition for formng a positive tone resist
upper layer film (single-layer resist for EUV) was
prepared by dissolving a polynmer conmpound PRP1 and a
quencher Q1 in a solvent containing 0.1 nass% of FC-4430
(produced by Sumitonmo 3MLimted) in the proportions
shown in Table 8, and filtering the resultant through a

0.1 uym filter made of a fluororesin.

[ Tabl e 8]
comound | Quencher | BT
(parts by
(parts)by mass) (parts)by
mass mass
Si ngl e-
Layer PRP1 QL PGVEA/ DAA
Resi st for (100) (0.25) (3,000/1, 000)
EUV
[ 0253]

Pol ymer conpound: PRP1
Mol ecul ar wei ght ( Mw) =9, 200
Di spersity (Mwv Wn)=1.8

O Q
O

O o

.30
OH 7 Vi
/ O\/<
S SOq

Q.0
.

[ 0254]
Quencher: QL
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[ 0255]

Next, the resist upper |layer film was exposed using
an EUV exposure system (EUV scanner NXE3400 manuf act ured
by ASML Holdings N.V., NA0.33, ©0.9, 90° dipole
illumnation) to yield an 18 nm 1:1 |ine-and-space (LS)
pattern, which was baked (PEB) at 90°C for 60 seconds
and devel oped for 30 seconds with a 2.38 nmass%
tetranmet hyl ammoni um hydr oxi de (TMAH) aqueous solution to
obtain a |line-and-space pattern with a space width of 18
nmand a pitch of 36 nm The cross section and
roughness of this pattern were observed with an el ectron
m croscope. Furthernore, collapse limt (nm was
defined as the m ni nrum di mensi on at which the |ine would
be resol ved wi thout collapsing. The m ni nrum di nensi on
was determ ned by gradually increasing the exposure dose
fromthe exposure dose which results in formation of the
above |ine-and-space pattern, and narrowi ng the |ine
di mension. The smaller value is preferable since it
i ndi cat es hi gher col |l apse resistance.

[ 0256]

The cross section and pattern roughness of the
obt ai ned pattern were eval uated respectively using an
el ectron m croscope (S-4700) manufactured by Hitachi
Ltd. and an el ectron m croscope (CG300) manufactured by
Hi tachi Hi gh- Tech Corporation. The results thereof are
shown in Table 9. Note that in Conparative Exanple 4-4,
patterning results are shown, which was perfornmed by

formng the silicon-containing mddle |ayer film and
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t hereafter

positive tone resist

resist for

m ddl e | ayer

applying the conposition for

upper
EUV) directly onto the silicon-containing

| ayer

form ng a

film (single-layer

filmw thout form ng an adhesive film

[ 0257]
[ Tabl e 9]
Pattern Col | apse Pattern cross
Mat eri al roughness limt section after
(nm (nm devel opnment
Exanmpl e Verti cal
a-1 AL-4 1.8 15 profile
Exanmpl e Verti cal
4-9 AL-5 1.9 16 profile
Exanpl e AL-8 18 15 Vert |_cal
4-3 profile
Exanpl e AL-10 1.9 15 Vert |_cal
4-4 profile
Exanpl e AL-14 1.8 14 Verti cal
4-5 profile
Exanmpl e Verti cal
4-6 AL-15 1.8 16 orofile
Exanmpl e AL-16 1.9 17 Vert |_caI
4-7 profile
Exanpl e AL- 23 1.9 15 Vert |_cal
4-8 profile
Exanpl e AL- 24 1.7 15 Vertl_cal
4-9 profile
Exanmpl e Verti cal
4-10 AL- 25 1.7 16 profile
Exanmpl e Verti cal
4-11 AL- 26 1.7 15 profile
Exanmpl e Verti cal
4-192 AL- 27 1.8 16 orofile
Exanpl e Verti cal
4-13 AL- 28 1.7 16 profile
Exanpl e Verti cal
4-14 AL- 29 1.7 15 profile
Exanmpl e Verti cal
4-15 AL- 32 1.8 14 profile
Conparative |Conparative > 5 16 Foot i ng
Exanmple 4-1 AL-1 ) profile
. . Slightly
Conpar ative |Conparative .
Exanpl e 4-2 AL- 2 2.2 16 footing
profile
Conparative |Conparative 18 15 Verti cal
Exanmpl e 4-3 AL-7 ) profile
. Slightly
Conparati ve .
Exanpl e 4-4 None 2.4 17 foot! ng
profile
[ 0258]
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As shown in Table 9, in Exanples 4-1 to 4-15
respectively using the adhesive filmmaterials (AL-4, 5,
8, 10, 14 to 16, 23 to 29, and 32) as the conposition
for formng an adhesive filmof the present invention,
smal | er pattern roughness and better pattern profile can
be observed as conpared with Conparative Exanples. In
Exanpl es 4-9 to 4-11 respectively using AL-24 to 26 that
contai ned an iodine atomin the structural unit
contai ning the organic sul fonyl anion structure, and
Exanpl es 4-13 to 4-14 respectively using AL-28 to 29 in
whi ch the structural unit containing iodine was
i ntroduced, particularly small pattern roughness can be
observed. Regardi ng Conparative Exanples, Conparative
Exanpl e 4-3 using Conparative AL-7 as the conposition
descri bed in Patent Docunent 7 showed favorable results,
while in Conparative Exanples 4-1 and 4-2 respectively
usi ng Conparative AL-1 and 2 containing no organic
sul fonyl anion structure, a footing profile of the
pattern and al so degraded pattern roughness were
recogni zed. Moreover, in Conparative Exanple 4-4 where
patterni ng was performed by applying the conposition for
formng a positive tone resist upper |ayer film(single-
| ayer resist for EUV) directly onto the silicon-
containing mddle layer film slight footing in the
pattern profile and al so high pattern roughness were
recogni zed. Therefore, it has been confirnmed that the
four-layer resist process, to which the conposition for
form ng an adhesive filmof the present invention is
appl i ed, has inproved patterning performance as conpared
with the three-layer resist process not using the
conposi tion.

[ 0259]
Exanpl e 5: EUV Exposure Patterning Test 2 with Positive
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Tone Resist (Exanmples 5-1 to 5-12, Conparative Exanpl es
5-1 to 5-4)
Spi n-on carbon ODL-301 (carbon content: 88 nass%

produced by Shin-Etsu Chem cal Co., Ltd. was applied
onto a silicon wafer substrate and baked at 350°C for 60
seconds to forma resist underlayer filmhaving a film

t hi ckness of 100 nm A silicon-containing spin-on hard
mask SHB- A940 (silicon content: 43 nmass% produced by
Shi n- Et su Chem cal Co., Ltd. was applied thereto, and
baked at 215°C for 60 seconds to forma silicon-
containing mddle layer filmhaving a filmthickness of
15 nm Further, the above adhesive filmmmterials (AL-
14 to 16, 23 to 29, 32, and 33, Conparative AL-1, 2, and
7) were respectively applied and baked at 250°C for 60
seconds to form an adhesive filmhaving a filmthickness
of 5 nm A conposition-(2) for formng a positive tone
resi st upper layer filmwas applied thereto and baked at
105°C for 60 seconds to forma resist upper layer film
having a filmthickness of 50 nm Furthernore, a
silicon-containing mddle |ayer filmwas formed in the
same manner as descri bed above, and thereafter the
conposition-(2) for formng a positive tone resist upper
| ayer film was also applied directly onto the silicon-
containing mddle layer filmw thout form ng an adhesive
film

[ 0260]

The conposition-(2) for formng a positive tone
resi st upper layer film (single-layer resist for EUY)
was prepared by dissolving a polymer conmpound PRP2, a
t hermal acid generator PAG2, and a quencher @ in
propyl ene gl ycol nononmethyl ether acetate (PGVEA)
containing 0.01 mass% of PF636 (produced by OVNOVA

Solutions Inc.) and a diacetone al cohol (DAA) solvent in
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t he proportions shown in Table 10, and filtering the

resultant through a 0.1 um filter made of a fluororesin.
[0261]

[ Tabl e 10]
Ther mal .
;?IXQﬁii Acid Quencher gg?ighf
s Gener at or (parts by
(parts by (parts by
(parts by mMass)
Mass) mass)
Mass)
Conposi tion-
(2) for
fpoorsTtnigv ea PRP2 PAG2 Q PGVEA( 200)
tone resist (10) (2.57) (0.458) DAA( 50)
upper |ayer
film
[0262]

Pol ymer conpound: PRP2
Mol ecul ar wei ght ( Mw) =5, 200
Di spersity (Mwm Wn)=1.45

wso 0.40
[0 M 0]
H

[ 0263]
Thermal acid generator: PAG

F

I I
o
F,C—S0," e
; e 0
F F
[ 0264]
Quencher: @
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[ 0265]

Next, the resist upper |layer film was exposed using
an EUV scanner NXE3400 (NA 0.33, ©0.9/0.6, quadrupole
illum nation, a hole pattern mask at a pitch 44 nm on-
waf er size and +20% bi as) manufactured by ASM. Hol di ngs
N. V., subjected to PEB on a hot plate at 80°C for 60
seconds, and devel oped for 30 seconds using a 2.38 mass%
TMAH aqueous solution, thereby form ng a hole pattern
with a size of 20 nm The cross section and CDU of this
pattern were observed with an electron m croscope. Note
that at the exposure dose resulting in hole formation
with a size of 20 nm the size of 50 hol es was nmeasured,
and based on the results thereof, three times (30) the
standard deviation (o) was calculated and reported as
CDU.

[ 0266]

The cross section and CDU of the obtained pattern
were eval uated respectively using an electron m croscope
(S-4700) manufactured by Hitachi Ltd. and an el ectron
m croscope (CG6300) manufactured by Hitachi Hi gh-Tech
Corporation. The results thereof are shown in Table 11.
[0267]
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[ Tabl e 11]

Pattern
Cross
Mat eri al (%[?Tl; section
after
devel oprent
Exanpl e Verti cal
5-1 AL-14 3.5 profile
Exanpl e AL-15 3 5 Verti cal
5-2 ’ profile
Exanpl e AL-16 34 Verti cal
5-3 ’ profile
Exanpl e Verti cal
5-4 AL-23 3.5 profile
Exanpl e AL- 24 3 3 Verti cal
5-5 ’ profile
Exanpl e Verti cal
5-6 AL-25 3.2 profile
Exanpl e AL- 26 3 2 Verti cal
5-7 ’ profile
Exanpl e AL-27 3 5 Verti cal
5-8 ’ profile
Exanpl e AL- 28 3 3 Verti cal
5-9 ’ profile
Exanpl e Verti cal
5-10 AL-29 3.3 profile
Exanpl e Verti cal
5-11 AL-32 3.4 profile
o AL-33 3.5 rofile
Conparative Conparative 44 Foot i ng
Exanple 5-1 AL-1 ’ profile
Conpar ati ve Conparative 38 Foot i ng
Exanpl e 5-2 AL-2 ’ profile
Conpar ati ve Conparative 39 Foot i ng
Exanpl e 5-3 AL-7 ) profile
Conpar ative Foot i ng
Exanpl e 5-4 None 4.0 profile
[ 0268]

As shown in Table 11, in Exanples 5-1 to 5-12
respectively using the adhesive filmmaterials (AL-14 to
16, 23 to 29, 32, and 33) as the conposition for formng
an adhesive filmof the present invention, smaller CDU
and better pattern profile can be observed as conpared
with Conparative Exanples. In Exanples 5-5 to 5-7
respectively using AL-24 to 26 that contai ned an i odine
atomin the structural unit containing the organic

sul fonyl anion structure, and Exanmples 5-9 to 5-10
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respectively using AL-28 to 29 in which the structural
unit containing iodine was introduced, particularly
smal | CDU can be observed. Regarding Conparative
Exanpl es, al so in Conparative Exanple 5-3 using
Conparative AL-7, which was the conposition described in
Pat ent Docunent 7 and showed good results in Conparative
Exanpl e 4-3, footing profile of the pattern was

recogni zed. Thus, it has been confirnmed that the
organi ¢ sul fonyl anion structure is effective for

i nproving the footing profile of the pattern. Moreover,
i n Conparative Exanple 5-4 where patterning was
perfornmed by applying the conposition for formng a
positive tone resist upper layer filmdirectly onto the
silicon-containing mddle |layer film the pattern had a
footing profile and CDU was al so |large. Thus, it has
been confirmed that the four-layer resist process, to
whi ch the conposition for form ng an adhesive fil m of

t he present invention is applied, has greatly inproved
patterni ng performance as conpared with the three-|ayer
resi st process not using the conposition.

[ 0269]

Exanpl e 6: Electron Beam Patterni ng Test (Exanples 6-1

to 6-12, Conparative Exanples 6-1 to 6-3)

The above adhesive filmmaterials (AL-14 to 16, 23
to 29, 32, and 33, Conparative AL-1, 6, and 7) were
respectively applied onto a silicon wafer substrate and

baked at 250°C for 60 seconds to form an adhesive film
having a filmthickness of 5 nm A resist upper |ayer
filmmaterial (netal-containing resist) was applied
thereto and baked at 180°C for 60 seconds to forma
resi st upper layer filmhaving a filmthickness of 50
nm

[ 0270]
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The resist upper layer filmmterial (netal-

containing resist) was prepared by dissolving a

titani um containing conpound (AM1) and a netal salt
sensitizer (S-1) in 4-nethyl-2-pentanol (M BC)
containing 0.1 mass% of FC-4430 (produced by Sum tono 3M

Ltd.)
filtering the resultant through a 0.1 um filter made of

in the proportions shown in Table 12, and

a fluororesin.

[0271]
[ Tabl e 12]
C-grftaar}inﬂnrﬁ: Metal salt Organi c
co oundg sensitizer sol vent
" (parts by (parts by
(parts by mass) mass)
mass)
Met al -
o AM 1 S-1 M BC
cont ai ni ng
resi st (10) (0.1) (250)
[0272]

Synt hesi s of Titani um Contai ni ng Conpound (AM 1)
To a solution of 284 g of titanium
tetrai sopropoxi de (avail able from Tokyo Chem ca
| ndustry Co., Ltd.) in 500 g of 2-propanol (IPA), a
solution of 27 g of deionized water in 500 g of |PA was
room tenperature over 2
180 g of 2, 4-dinethyl -
and this was stirred at

dropped in while stirring at

hours. To the obtai ned sol ution,

2, 4-oct anedi ol was added, room

tenperature for 30 mnutes. This solution was

concentrated at 30°C under reduced pressure, then was
heated to 60°C, and kept

pressure until

further heat ed under reduced
obt ai ned.

1,200 g of

a distillate was no | onger
When the distillate was no | onger observed,
(M BC) was added, and this was
reduced pressure until the |IPA
obtained to afford 1,000 ¢
25 mass% of a solution of a

4- met hyl - 2- pent anol
heat ed at 40°C under
distillate was no | onger

(conpound concentration:
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titani um contai ning conpound AM1 in MBC. The

nol ecul ar wei ght of the solution was neasured in terns
of polystyrene to find that Mv = 1, 200.

[0273]

Metal salt sensitizer: S-1

O
ll“zc _S():;_ C €3+

O—%Fs
[0274]

Next, drawi ng was performed in a vacuum chanber at
an accel eration voltage of 50 kV by using JBX-9000MV
(manuf actured by JEOL Ltd.). Imediately after the
drawi ng, baking (PEB) was performed at 200°C for 60
seconds, and puddl e devel opnment was perfornmed with butyl
acetate for 20 seconds to obtain a negative pattern.

[ 0275]

The obtai ned negative pattern was eval uated as
follows. The exposure dose avail able for resolution of
a 100 nm1:1 |line-and-space (LS) was defined as the
sensitivity. The collapse limt (nm was defined as the
m ni mum di mensi on at which the line would be resol ved
wi t hout coll apsing at the exposure dose. The smaller
value is preferable since it indicates higher coll apse
resi stance. The results thereof are shown in Table 13.
[ 0276]
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[ Tabl e 13]

. Col | apse
Mat eri al limit (nm
Exanpl e
6- 1 AL- 14 40
Exanpl e
6. 2 AL- 15 39
Exanpl e
6.3 AL- 16 40
Exanpl e
6- 4 AL- 23 40
Exanpl e
6-5 AL- 24 38
Exanpl e
6-6 AL- 25 40
Exanpl e
6.7 AL- 26 39
Exanpl e
6-8 AL- 27 40
Exanpl e
6-9 AL- 28 40
Exanpl e
6- 10 AL- 29 39
Exanpl e
6-11 AL- 32 38
Exanpl e
6. 12 AL- 33 40
Conparative | Comparative 50
Exanple 6-1 AL-1
Conparative | Comparative 45
Exanpl e 6-2 AL- 6
Conparative | Conparative 43
Exanpl e 6-3 AL-7
[0277]

As shown in Table 13, Exanples 6-1 to 6-12
respectively using the adhesive filmmaterials (AL-14 to
16, 23 to 29, 32, and 33) as the conposition for formng
an adhesive filmof the present invention had smaller
collapse Ilimt values as conpared with Conparative
Exanpl es 6-1 to 6-3 respectively using Conparative AL-1,
6, and 7. This is considered to result frominteraction
bet ween the nitrogen-hydrogen bond in the structure
represented by the general formula (1) and the netal
oxide in the netal -containing resist pattern.
Accordingly, it has been confirnmed that the present
I nvention can suitably be used also in a |ithography
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process of a netal -containing resist.
[ 0278]

Accordingly, the conposition for form ng an
adhesive filmof the present invention exhibits
favorabl e application performnce even on a hydrophobic
underlayer film and at the sanme time, can form an
adhesive filmhaving favorable pattern coll apse
preventi on performance and ability to renove a residual
resist at a bottomof a pattern. Therefore, the
conposition for formng an adhesive film of the present
invention is extrenely useful as a conposition for
form ng an adhesive filmto be used for a nultilayer
resi st method. Moreover, the patterning process of the
present invention using the conposition is capable of
formng a fine pattern in a substrate to be processed
with high precision.

[ 0279]

The present description includes the follow ng
enmbodi nent s.

[1]: A conposition for form ng an adhesive film
conpri si ng:

(A) a resin containing a repeating unit represented by
the follow ng general formula (1) and a repeating unit
havi ng an organic sul fonyl anion structure; and

(B) an organic sol vent,

RU1

Y7

X

(1)
A

HN ~O

.

C”QOQ

wherein X represents a single bond or an aronmatic
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ring having 20 or | ess carbon atons; ROl represents a
hydrogen atom or a nethyl group; R%2 represents a
hydrogen atom or a nonoval ent al kyl group having 1 to 10
carbon atonms, and when RP2 represents an al kyl group, a
hydrogen atom constituting the al kyl group is optionally
substituted with a hydroxy group.

[2]: The conposition for form ng an adhesive film
according to the above [1l], wherein a proportion of the
repeating unit represented by the general fornmula (1) is
70 mol% or more and 99.9 mol% or less relative to whole
repeating units in the resin (A).

[3]: The conposition for form ng an adhesive film
according to the above [1] or [2], wherein a proportion
of the repeating unit having the organic sul fonyl anion
structure is 0.1 mol% or more and 30 mol% or less
relative to whole repeating units in the resin (A).

[4]: The conposition for form ng an adhesive film
according to any one of the above [1] to [3], wherein
the resin (A has a wei ght average nol ecul ar wei ght of
1,000 to 70, 000.

[5]: The conposition for form ng an adhesive film
according to any one of the above [1] to [4], wherein
the organic solvent (B) is a mxture of one or nore

ki nds of organic solvents having a boiling point of

| ower than 150°C and one or nore kinds of organic

sol vents having a boiling point of 150°C or higher and
| ower than 220°C.

[6]: The conposition for form ng an adhesive film
according to any one of the above [1] to [5], further
conprising at | east one or nore selected from (C) a
thermal acid generator, (D) a surfactant, and (E) a
crosslinking agent.

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

(1-1) applying the conposition for form ng an
adhesive filmaccording to any one of the above [1] to
[6] on the substrate to be processed and thereafter
perform ng heat treatment to form an adhesive film

(1-2) formng a resist upper layer filmon the
adhesive filmusing a photoresist materi al ;

(1-3) formng a circuit pattern in the resist upper
| ayer film by devel oping the resist upper layer film
usi ng a devel oper after pattern exposure;

(1-4) transferring a pattern to the adhesive film
by dry etching while using the resist upper layer film
having the fornmed circuit pattern as a mask; and

(1-5) processing the substrate to be processed
whil e using the resist upper layer film and/or the
adhesive filmhaving the formed pattern as a mask to
forma pattern in the substrate to be processed.

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

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

(I'-2) formng a silicon-containing resist mddle
| ayer filmon the resist underlayer film

(1'1-3) applying the conmposition for form ng an
adhesive filmaccording to any one of the above [1] to
[6] on the silicon-containing resist mddle [ayer film
and thereafter perform ng heat treatnment to form an
adhesive film

(I'1-4) formng a resist upper layer filmon the
adhesive filmusing a photoresist materi al;

(I'-5) formng a circuit pattern in the resist
upper layer film by devel oping the resist upper |ayer

filmusing a devel oper after pattern exposure;
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(1'1-6) transferring a pattern to the adhesive film
by dry etching while using the resist upper layer film
having the fornmed circuit pattern as a mask;

(I'1-7) transferring a pattern to the silicon-
containing resist mddle layer filmby dry etching while
usi ng the resist upper |ayer film and/or the adhesive
filmhaving the formed pattern as a mask;

(1'1-8) transferring a pattern to the resist
underl ayer filmby dry etching while using the silicon-
containing resist mddle layer film having the
transferred pattern as a nmask; and

(1'1-9) processing the substrate to be processed
whil e using the resist underlayer film having the
transferred pattern as a mask to forma pattern in the
substrate to be processed.

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

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

(1'1'1-2) form ng an inorganic hard mask m ddl e | ayer
filmselected froma silicon oxide film a silicon
nitride film and a silicon oxynitride filmon the
resi st underl ayer film

(111-3) applying the conposition for form ng an
adhesive filmaccording to any one of the above [1] to
[6] on the inorganic hard mask m ddle |ayer film and
thereafter perform ng heat treatnent to form an adhesive
film

(1'1'1-4) formng a resist upper layer filmon the
adhesive filmusing a photoresist materi al;

(I'11-5) formng a circuit pattern in the resist
upper layer film by devel oping the resist upper |ayer

filmusing a devel oper after pattern exposure;
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(I'1'1-6) transferring a pattern to the adhesive film
by dry etching while using the resist upper layer film
having the fornmed circuit pattern as a mask;

(1'1'1-7) transferring a pattern to the inorganic
hard mask m ddle layer filmby dry etching while using
the resist upper layer filmand/or the adhesive film
having the fornmed pattern as a mask;

(111-8) transferring a pattern to the resist
underl ayer filmby dry etching while using the inorganic
hard mask m ddle |ayer film having the transferred
pattern as a mask; and

(I''1-9) processing the substrate to be processed
whil e using the resist underlayer film having the
transferred pattern as a mask to forma pattern in the
substrate to be processed.

[10]: The patterning process according to the above [9],
wherein the inorganic hard mask mddle layer filmis
formed by a CVD or ALD net hod.

[11]: The patterning process according to any one of the
above [7] to [10], wherein the circuit pattern is fornmed
in the resist upper layer film by using photolithography
with a wavel ength of 10 nm or nore and 300 nm or | ess,
direct drawi ng using an el ectron beam nanoinprinting,

or a conbination thereof.

[12]: The patterning process according to any one of the
above [7] to [11], wherein the photoresist materi al
contains at |east an organonetallic conpound and a

sol vent .

[13]: The patterning process according to any one of the
above [7] to [12], wherein the devel oping is perforned
by al kal i ne devel opnment or devel opnent with an organic
sol vent .

[ 14] : The patterning process according to any one of the
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above [7] to [13], wherein the substrate to be processed
I's a sem conductor apparatus substrate or the

sem conduct or apparatus substrate coated with any of a
metal film a netal carbide film a metal oxide film a
nmetal nitride film a nmetal oxycarbide film and a neta
oxynitride film

[15]: The patterning process according to the above
[14], wherein the netal is silicon, titanium tungsten,
haf ni um zirconium chrom um gernmani um copper, silver
gold, alum num indium gallium arsenic, palladium
iron, tantalum iridium cobalt, manganese, nolybdenum
or an alloy thereof.

[16]: A nmethod for form ng an adhesive filmto be used
in a manufacturing process of a sem conductor apparatus,
t he nethod conprising: spin-coating a substrate to be
processed with the conposition for form ng an adhesive
filmaccording to any one of the above [1] to [6]; and
form ng an adhesive filmby heating the substrate coated
with the conposition for form ng an adhesive filmat a
tenperature of 100°C or higher and 300°C or |ower for 10
to 600 seconds.

[17]: A nmethod for form ng an adhesive filmto be used
in a manufacturing process of a sem conductor apparatus,
t he nethod conprising: spin-coating a substrate to be
processed with the conposition for form ng an adhesive
filmaccording to any one of the above [1] to [6]; and
form ng an adhesive filmby heating the substrate coated
with the conposition for form ng an adhesive film under
an atnosphere with an oxygen concentration of 0.1% or
nore and 21% or | ess.

[18]: A nethod for form ng an adhesive filmto be used
in a manufacturing process of a sem conductor apparatus,

t he nethod conprising: spin-coating a substrate to be
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processed with the conposition for form ng an adhesive
filmaccording to any one of the above [1] to [6]; and
form ng an adhesive film by heating the substrate coated
with the conposition for form ng an adhesive film under
an atnosphere with an oxygen concentrati on of 0.0001% or
nore and | ess than 0.1%

[ 0280]

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

i nventi on.
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CLAI Ms

[Claim1] A conposition for form ng an adhesive film
conpri si ng:

(A) a resin containing a repeating unit represented by
the follow ng general formula (1) and a repeating unit
havi ng an organic sul fonyl anion structure; and

(B) an organic sol vent,

R0'1

Y

X

/J% (1)

HN O

C”QO2

wherein X represents a single bond or an aromatic
ring having 20 or | ess carbon atons; ROl represents a
hydrogen atom or a nethyl group; R%2 represents a
hydrogen atom or a nonoval ent al kyl group having 1 to 10
carbon atonms, and when RP2 represents an al kyl group, a
hydrogen atom constituting the al kyl group is optionally
substituted with a hydroxy group.

[ Claim 2] The conposition for form ng an adhesive film
according to claim 1, wherein a proportion of the

repeating unit represented by the general fornmula (1) is
70 mol% or more and 99.9 mol% or less relative to whole

repeating units in the resin (A).

[ Claim 3] The conposition for form ng an adhesive film
according to claim1l or 2, wherein a proportion of the
repeating unit having the organic sul fonyl anion

structure is 0.1 mol% or more and 30 mol% or less
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relative to whole repeating units in the resin (A).

[ Cl ai m 4] The conposition for form ng an adhesive film
according to any one of claims 1 to 3, wherein the resin
(A) has a wei ght average nol ecul ar wei ght of 1,000 to
70, 000.

[ Cl ai m 5] The conposition for form ng an adhesive film
according to any one of clainms 1 to 4, wherein the
organic solvent (B) is a m xture of one or nore kinds of
organi ¢ solvents having a boiling point of |ower than
150°C and one or nore kinds of organic solvents having a
boi ling point of 150°C or higher and | ower than 220°C.

[ Clai m 6] The conposition for form ng an adhesive film
according to any one of clains 1 to 5, further
conprising at |east one or nore selected from (C) a
thermal acid generator, (D) a surfactant, and (E) a

crosslinking agent.

[Claim 7] A patterning process for formng a pattern in
a substrate to be processed, conprising the steps of:

(1-1) applying the conposition for form ng an
adhesive filmaccording to any one of clainms 1 to 6 on
t he substrate to be processed and thereafter performng
heat treatnment to form an adhesive film

(1-2) formng a resist upper layer filmon the
adhesive filmusing a photoresist materi al;

(1-3) formng a circuit pattern in the resist upper
| ayer film by devel oping the resist upper layer film
usi ng a devel oper after pattern exposure;

(1-4) transferring a pattern to the adhesive film
by dry etching while using the resist upper layer film
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having the formed circuit pattern as a nmask; and
(1-5) processing the substrate to be processed

whil e using the resist upper layer film and/or the

adhesive filmhaving the formed pattern as a mask to

forma pattern in the substrate to be processed.

[ Cl ai m 8] A patterning process for formng a pattern in
a substrate to be processed, conprising the steps of:

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

(I'1-2) formng a silicon-containing resist mddle
| ayer filmon the resist underlayer film

(1'1-3) applying the conmposition for form ng an
adhesive filmaccording to any one of clainms 1 to 6 on
the silicon-containing resist mddle |ayer film and
thereafter perform ng heat treatnent to form an adhesive
film

(I'l1-4) formng a resist upper layer filmon the
adhesive filmusing a photoresist materi al;

(I'-5) forming a circuit pattern in the resist
upper layer film by devel oping the resist upper |ayer
filmusing a devel oper after pattern exposure;

(I'l-6) transferring a pattern to the adhesive film
by dry etching while using the resist upper layer film
having the formed circuit pattern as a mask

(I'1-7) transferring a pattern to the silicon-
containing resist mddle layer filmby dry etching while
usi ng the resist upper |ayer film and/or the adhesive
filmhaving the formed pattern as a mask

(1'1-8) transferring a pattern to the resist
underl ayer filmby dry etching while using the silicon-
containing resist mddle |layer film having the

transferred pattern as a nmask; and
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(11-9) processing the substrate to be processed
whil e using the resist underlayer film having the
transferred pattern as a mask to forma pattern in the

substrate to be processed.

[Claim9] A patterning process for formng a pattern in
a substrate to be processed, conprising the steps of:

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

(1'11-2) form ng an inorganic hard mask m ddl e | ayer
filmselected froma silicon oxide film a silicon
nitride film and a silicon oxynitride filmon the
resi st underl ayer film

(111-3) applying the conposition for form ng an
adhesive filmaccording to any one of clainms 1 to 6 on
the inorganic hard mask mddle layer filmand thereafter
perform ng heat treatnent to form an adhesive film

(111-4) formng a resist upper layer filmon the
adhesive filmusing a photoresist materi al;

(I'1'1-5) formng a circuit pattern in the resist
upper layer film by devel oping the resist upper |ayer
filmusing a devel oper after pattern exposure;

(I'1'1-6) transferring a pattern to the adhesive film
by dry etching while using the resist upper layer film
having the formed circuit pattern as a mask

(111-7) transferring a pattern to the inorganic
hard mask m ddle layer filmby dry etching while using
the resist upper layer filmand/or the adhesive film
having the fornmed pattern as a mask;

(1'11-8) transferring a pattern to the resist
underl ayer filmby dry etching while using the inorganic
hard mask m ddl e |ayer film having the transferred

pattern as a mask; and
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(1'1'1-9) processing the substrate to be processed
whil e using the resist underlayer film having the
transferred pattern as a mask to forma pattern in the

substrate to be processed.

[Claim 10] The patterning process according to claim?9,
wherein the inorganic hard mask mddle layer filmis
formed by a CVD or ALD net hod.

[Claim 11] The patterning process according to any one
of clainms 7 to 10, wherein the circuit pattern is formed
in the resist upper layer film by using photolithography
with a wavel ength of 10 nm or nore and 300 nm or | ess,
direct drawi ng using an el ectron beam nanoi nprinting,

or a conbi nation thereof.

[Claim 12] The patterning process according to any one
of claims 7 to 11, wherein the photoresist materi al
contains at |east an organonetallic conmpound and a

sol vent .

[Claim 13] The patterning process according to any one
of claims 7 to 12, wherein the developing is perfornmed
by al kal i ne devel opment or devel opnent with an organic

sol vent .

[Claim 14] The patterning process according to any one
of clainms 7 to 13, wherein the substrate to be processed
is a sem conductor apparatus substrate or the

sem conduct or apparatus substrate coated with any of a
metal film a netal carbide film a nmetal oxide film a
metal nitride film a nmetal oxycarbide film and a netal

oxynitride film
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[Claim15] The patterning process according to claim 14
wherein the metal is silicon, titanium tungsten,
haf ni um zirconium chrom um germani um copper, silver
gold, alum num indium gallium arsenic, palladium
iron, tantalum iridium cobalt, nmanganese, nolybdenum

or an alloy thereof.

[Claim 16] A nethod for form ng an adhesive filmto be
used in a manufacturing process of a sem conductor
apparatus, the nmethod conprising: spin-coating a
substrate to be processed with the conposition for
form ng an adhesive film according to any one of clains
1 to 6; and form ng an adhesive filmby heating the
substrate coated with the conposition for form ng an
adhesive filmat a tenperature of 100°C or higher and
300°C or lower for 10 to 600 seconds.

[Claim 17] A nethod for form ng an adhesive filmto be
used in a manufacturing process of a sem conductor
apparatus, the nethod conprising: spin-coating a
substrate to be processed with the conposition for
form ng an adhesive filmaccording to any one of clains
1 to 6; and form ng an adhesive filmby heating the
substrate coated with the conposition for form ng an
adhesive fil munder an atnosphere with an oxygen
concentration of 0.1% or nore and 21% or | ess.

[Claim 18] A nethod for form ng an adhesive filmto be
used in a manufacturing process of a sem conductor
apparatus, the nethod conprising: spin-coating a
substrate to be processed with the conposition for

form ng an adhesive filmaccording to any one of clains
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1 to 6; and form ng an adhesive filmby heating the
substrate coated with the conposition for form ng an
adhesive fil munder an atnosphere with an oxygen

concentration of 0.0001% or nore and |less than 0.1%
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