DESCRI PTI ON

TITLE G- | NVENTI O COMPGOSI TI ON FOR FORM NG ORGANI C FI LM
METHOD FOR FORM NG ORGANI C FI LM AND PATTERNI NG PROCESS

TECHNI CAL FI ELD
[ 0001]

The present invention relates to: a conposition for
formng an organic filmfor form ng an organic filmfor
a multilayer resist for fine processing in manufacturing
of sem conductor device, etc. and an organic film for
pl anari zation in manufacturing of sem conductor device,
etc.; a nethod for formng an organic filmusing the
conposition; and a patterning process using the
conposi tion.

BACKGROUND ART
[ 0002]

In recent requirenent of a finer pattern rule with
hi gher integration and hi gher speed of sem conduct or
devi ces, various technical devel opnments have been made
in lithography using |ight exposure, which is used as a
conmmon technol ogy at present, about how finer and nore

accurate pattern is processed relative to the used |ight

sour ce.
[ 0003]

As the light source for lithography used in the
resist pattern formation, |ight exposure using a |ight
source of g-line (436 nm or i-line (365 nm of a

mercury lanmp is widely used for portions having a | ow
i ntegration degree. Meanwhile, practically used for
portions having a high integration degree requiring

finer patterns are lithography using KrF excimer | aser



(248 nm and ArF excimer laser (193 nm, which have a
shorter wavelength. 1In the |atest generation requiring
a further finer pattern, lithography with extrene
ultraviolet ray (EUV, 13.5 nm is approaching the
practical use.

[ 0004]

It is well known that such a finer resist pattern
increases a ratio of a pattern height to a pattern |ine
wi dth (aspect ratio) in a single-layer resist nethod,
which is used as a typical resist patterning process,
| eading to pattern coll apse due to a surface tension of
a developing liquid during developnment. A nultilayer
resi st method, which stacks films having different dry-
etching properties to forma pattern, is known to be
excellent for formng a pattern with a high aspect ratio
on a stepped substrate. There have been devel opnents of
a two-layer resist nethod combining: a photoresist |ayer
of a silicon-containing photosensitive polymer; and an
under | ayer of an organic polymer having carbon,
hydr ogen, and oxygen as nmmj or constituent el enents, for
exanpl e a novol ac-type pol ymer (Patent Docunent 1).

Al so devel oped is a three-layer resist nmethod conbining:
a photoresist |ayer of an organic photosensitive pol ymer
used in the single-layer resist nmethod; an internediate
| ayer of a silicon-based polymer or a silicon-based CVD
film and an underlayer of an organic polyner (Patent
Docunment 2).

[ 0005]

In this three-layer resist nethod, for exanple, an
organic film such as novolac is uniformy formed on a
substrate to be processed as a resist underlayer film a
silicon-containing filmis forned thereon as a resi st

intermediate film and a common organi c photoresist film
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is formed thereon as a resist upper layer film Since

t he organic resist upper layer film has good etching
selectivity rate of dry etching with fluorine-based gas
plasma to the silicon-containing resist internediate
film the resist pattern is transferred to the silicon-
containing resist intermediate film by using dry etching
with the fluorine-based gas plasma. This nmethod can
transfer the pattern to the silicon-containing film even
using a resist conposition that is difficult to forma
pattern having a sufficient filmthickness for directly
processing the substrate to be processed or even using a
resi st conposition having insufficient dry-etching

resi stance for processing a substrate. A subsequent
pattern transfer using dry etching with oxygen-based gas
pl asma can yield a novolac filmpattern having
sufficient dry-etching resistance for processing.

[ 0006]

Al t hough many techni ques about the aforenentioned
organi ¢ underl ayer film have been al ready known (for
exanmpl e, Patent Docunent 3), excellent filling
characteristics have been required in addition to the
dry-etching properties with devel opnent of the recent
fining in recent years. Required is an organic
underlayer filmmmaterial having filling characteristics
that can uniformy forma filmeven on a material or
base substrate to be processed having a conpl ex shape,
and that can fill an inside of the required pattern
wi t hout a void.

[ 0007]

The organi c underl ayer filmas noted above is
formed in manufacturing a sem conductor substrate, etc.
by using a coater/devel oper that can perform process

such as spin-coating process, edge bead renpval (EBR)
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process, and baking process. The EBR process is a
process of renoving a coating on an edge of the
substrate (wafer) with a renmoving liquid after formation
of the coating on the substrate by spin-coating for a
pur pose of preventing contam nation of a substrate-
conveyer arm of the coater/devel oper. One of the
renmoving liquids used in the EBR process is a m xed

i quid of propylene glycol nononethyl ether acetate and
propyl ene glycol nonomethyl ether (30 mass%: 70 nmass%,
and this mxed liquid is widely used in the EBR process
for a resist film a silicon-containing internediate
film and an organic underlayer film

[ 0008]

The renmover in the EBR process may affect an outer
peri phery of the organic underlayer filmto forma thick
state (hunp). The hunp causes defects in dry-etching
process in the aforenentioned substrate processing, and
t hereby an organi ¢ underlayer film having reduced hunps

has been required.

Cl TATI ON LI ST

PATENT LI TERATURE

[ 0009]

Pat ent Docunment 1: JP HO6-118651 A
Pat ent Docunment 2: JP 4355943 B

Pat ent Docunent 3: JP 2004-205685 A

SUMVARY OF | NVENTI ON
TECHNI CAL PROBLEM
[ 0010]
The present invention has been nade in view of the
above circunstances. An object of the present invention

Is to provide: a conposition for formng an organic film
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having excellent filmformbility (in-plane uniformty)
and filling characteristics on the substrate (wafer),
and reducing hunps in the EBR process; and a nmethod for
formng an organic filmand patterning process using
this conposition.

SOLUTI ON TO PROBLEM
[0011]

To achieve the above object, the present invention
provi des a conposition for formng an organic film
conprising: a resin for formng an organic film a
pol ymer having a structural unit represented by the
follow ng general fornula (I), and at |east one of a
structural unit represented by the follow ng genera
formula (11) and a structural unit represented by the
follow ng general formula (Il1); and a solvent, wherein
the structural unit represented by the follow ng genera
formula (1), and at | east one of the structural unit
represented by the follow ng general fornula (I1) and
the structural unit represented by the follow ng genera
formula (111) forma random copol ynmer, and the pol ymer

has a fluorine content of 5 mass% to 16 mass%
R1
Rm0° 0 (1)

wherein R! represents a hydrogen atom or an al kyl

group having 1 to 20 carbon atons; and R?2 represents an
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organi c group having a fluorine atomand 1 to 20 carbon

atonms, and havi ng no sul fonyl group and no am no group,

F23

O o—(R“o RS- o};RB .

wherein R3 represents a hydrogen atom or an al kyl
group having 1 to 20 carbon atons; R* and R> each
represent a linear or branched dival ent al kyl ene group
having 1 to 4 carbon atons; Ré represents a hydrogen
atom an al kyl group having 1 to 4 carbon atons, or a
phenyl group; ml represents 0 to 23; nl represents 0 to
23; and 23 2 ml+nl =2 2,

R’ R8

07 0~{R®-0 4R 0+0"0
m2 n2 (I I 1)

wherein R” and R8 represent a hydrogen atom or an
al kyl group having 1 to 20 carbon atons; R® and R!? each
represent a linear or branched dival ent al kyl ene group
having 1 to 4 carbon atons; n2 represents 0 to 23; n2
represents 0 to 23; and 23 2 m2+n2 2= 2.
[0012]



Such a conposition for form ng an organic film has
excellent in-plane uniformty and filling
characteristics, and can forman organic filmreducing
hunp formation due to the effect of the renover in the
EBR process.

[ 0013]

In the conposition for form ng an organic film R?
in the structural unit represented by the genera
formula (1) of the polynmer preferably has a structure
represented by the follow ng general formula (1V) or

(V),

x
| *
FaC
“CF, SN

| CF,
_CF, |

F4C (1 V) CFs (V)

wherein “*” represents a bonding position.
[ 0014]

The conposition for formng an organic film
contai ni ng such a polymer is preferable because the in-
pl ane uniformty of the formed organic film becomes nore
excel |l ent.

[ 0015]

In the conposition for form ng an organic film the
resin for formng an organic filmis preferably a resin
having an aromati c skel eton
[ 0016]



The resin having such an aromatic skeleton is
pr ef erabl e because of nore excellent etching resistance,
optical properties, heat resistance, etc.

[0017]

In the conposition for form ng an organic film a
content of the polyner is preferably 0.01 part by nmass
to 5 parts by nmass relative to 100 parts by mass of the
resin for formng an organic film
[ 0018]

The conposition for formng an organic film
contai ning such a content of the polynmer is preferable
because the in-plane uniformty of the formed organic
fil mbecones nore excell ent.

[ 0019]

In the conposition for form ng an organic film a
content of the resin for formng an organic filmis
preferably 10 parts by nass to 40 parts by mass relative
to 100 parts by mass of the conposition for form ng an
organic film
[ 0020]

In a case of such a content of the resin for
formng an organic film the conposition for form ng an
organic filmcan be suitably used because the
conposition can have excellent in-plane uniformty and
filling characteristics.

[ 0021]

The conposition for form ng an organic film as
not ed above sufficiently exhibits the effect of the
present invention.

[ 0022]

I n addition, the present invention provides a

met hod for formng an organic filmused in a

sem conductor device manufacturing process, the nethod
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conprising steps of: applying the above conposition for
form ng an organic filmon a substrate to be processed
by spin-coating; and heat-treating the substrate coated
with the conposition for formng an organic filmat a
tenperature of 100°C to 600°C within a range of 10
seconds to 600 seconds for formng a cured film

[ 0023]

The nethod for form ng an organic film of the
present invention can fill a pattern having a conpl ex
shape on the substrate to be processed by spin-coating
with the above composition for formng an organic film
and can forman organic film having excell ent in-plane
uniformty. The organic film obtained by the above
met hod i s preferable because an organic filmon the edge
can be renmoved while inhibiting the hunps in the EBR
process.

[ 0024]

I n addition, the present invention provides a
patterni ng process conprising steps of: formng an
organic filmon a body to be processed by using the
above conposition for formng an organic film formng a
resist internediate filmon the organic filmby using a
resist internediate filmmaterial containing a silicon
atom formng a resist upper layer filmon the resist
intermediate film by using a resist upper layer film
mat eri al conposed of a photoresist conmposition; form ng
a circuit pattern in the resist upper layer film
transferring the pattern to the resist internediate film
by etching while using the circuit-patterned resist
upper |layer filmas a nmask; transferring the pattern to
the organic filmby etching while using the patterned
resist internediate filmas a mask; and transferring the

pattern to the body to be processed by etching while
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using the patterned organic filmas a mask.
[ 0025]

As above, the patterning process with a three-Iayer
resi st process using the conposition for form ng an
organic filmof the present invention, the silicon-
containing resist internediate film and the resist
upper layer filmcan be provided. The patterning
process of the present invention as above can transfer
and formthe circuit pattern in the resist upper |ayer
filmto the body to be processed with high accuracy.

[ 0026]

I n addition, the present invention provides a
patterni ng process conprising steps of: formng an
organic filmon a body to be processed by using the
above conposition for formng an organic film formng a
resist internediate filmon the organic filmby using a
resist internediate filmmaterial containing a silicon
atom formng an organic anti-reflection filmor an
adhesion filmon the resist internmediate film formng a
resi st upper layer filmon the organic anti-reflection
filmor the adhesion film by using a resist upper |ayer
filmmaterial conposed of a photoresist conposition;
formng a circuit pattern in the resist upper |ayer
film transferring the pattern to the organic anti -
reflection filmor the adhesion film and the resi st
intermediate filmby etching while using the circuit-
patterned resi st upper |layer filmas a nask;
transferring the pattern to the organic film by etching
while using the patterned resist internediate filmas a
mask; and transferring the pattern to the body to be
processed by etching while using the patterned organic
filmas a mask.

[0027]
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As above, the patterning process with a four-I|ayer
resi st process using the conposition for form ng an
organic filmof the present invention, the silicon-
containing resist internmediate film the organic anti -
reflection filmor the adhesion film and the resi st
upper layer filmcan be provided. The patterning
process of the present invention as above can transfer
and formthe circuit pattern in the resist upper |ayer
filmto the body to be processed with high accuracy.

[ 0028]

I n addition, the present invention provides a
patterni ng process conprising steps of: form ng an
organic filmon a body to be processed by using the
above conposition for formng an organic filnm form ng
an inorganic hard mask sel ected froma silicon oxide
film a silicon nitride film and a silicon oxynitride
filmon the organic film formng a resist upper |ayer
filmon the inorganic hard mask by using a resist upper
| ayer film material conposed of a photoresist
conposition; formng a circuit pattern in the resist
upper layer film transferring the pattern to the
i norgani ¢ hard mask by etching while using the circuit-
patterned resi st upper |layer filmas a nask;
transferring the pattern to the organic film by etching
whil e using the patterned inorganic hard mask as a nask;
and transferring the pattern to the body to be processed
by etching while using the patterned organic filmas a
mask.

[ 0029]

As above, the patterning process with a three-|ayer
resi st process using the conposition for form ng an
organic filmof the present invention, the inorganic

hard mask, and the resist upper layer filmcan be
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provi ded. The patterning process of the present

i nvention as above can transfer and formthe circuit
pattern in the resist upper layer filmto the body to be
processed with high accuracy.

[ 0030]

I n addition, the present invention provides a
patterni ng process conprising steps of: formng an
organic filmon a body to be processed by using the
above conposition for formng an organic filnm form ng
an inorganic hard mask sel ected froma silicon oxide
film a silicon nitride film and a silicon oxynitride
filmon the organic film form ng an organic anti -
reflection filmor an adhesion filmon the inorganic
hard mask; formng a resist upper layer filmon the
organic anti-reflection filmor the adhesion film by
using a resist upper layer filmmaterial conposed of a
phot oresi st conposition; formng a circuit pattern in
the resist upper layer film transferring the pattern to
the organic anti-reflection filmor the adhesion film
and the inorganic hard mask by etching while using the
circuit-patterned resist upper layer filmas a mask;
transferring the pattern to the organic film by etching
whil e using the patterned inorganic hard mask as a mask
and transferring the pattern to the body to be processed
by etching while using the patterned organic filmas a
mask.

[ 0031]

As above, the patterning process with a four-I|ayer
resi st process using the conposition for form ng an
organic filmof the present invention, the inorganic
hard mask, the organic anti-reflection filmor the
adhesion film and the resist upper |ayer film can be

provi ded. The patterning process of the present
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I nvention as above can transfer and formthe circuit
pattern in the resist upper layer filmto the body to be
processed with high accuracy.

[ 0032]

The inorganic hard mask is preferably fornmed by a
CVD net hod or an ALD net hod.

[ 0033]

In the patterning process of the present invention,
the inorganic mask may be formed by such a nmethod, for
exanpl e.

[ 0034]

The circuit pattern is preferably formed by
i thography using |ight having a wavel ength of 10 nm or
| onger and 300 nm or shorter, direct witing with
el ectron beam nanoi nprinting, or a conbination thereof.
[ 0035]

The circuit pattern is preferably developed with
al kal i ne devel opment or an organi c sol vent.

[ 0036]

In the patterning process of the present invention,
such a nmeans of form ng and devel oping the circuit
pattern may be suitably used.

[ 0037]

The body to be processed is preferably a
sem conductor device substrate, or a substrate in which
any of a metal film a netal carbide film a netal oxide
film a metal nitride film a metal oxycarbide film and
a metal oxynitride filmis fornmed on the sem conduct or
devi ce substrate.

[ 0038]

A nmetal to constitute the body to be processed is

preferably silicon, titanium tungsten, hafnium

zirconium chrom um germani um copper, silver, gold,
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alum num indium gallium arsenic, palladium iron
tantalum iridium nolybdenum or an alloy thereof.
[ 0039]

The patterning process of the present invention can
process the body to be processed as above to form a
pattern.

ADVANTAGEQUS EFFECTS OF | NVENTI ON
[ 0040]

As descri bed above, the present invention can
provide the conposition for formng an organic film
havi ng excellent filmformbility (in-plane uniformty)
and filling characteristics on the substrate (wafer),
and reduci ng hunps in the EBR process. Since the
conposition for formng an organic filmof the present
i nvention as above has excellent filmformbility,
filling characteristics, and hunp inhibition property
generated in the EBR process, the conposition of the
present invention is extrenely useful for an organic
filmmaterial used for a nmultilayer resist process such
as, for exanple: a two-layer resist process; a three-
| ayer resist process using the silicon-containing resist
intermediate filmor the inorganic hard nmask; or a four-
| ayer resist process using the silicon-containing resist
intermediate filmor the inorganic hard mask, and the
organic anti-reflection filmor the adhesion film The
conposition of the present invention is also extrenely
useful for a material for formng an organic filmfor
sem conductor device manufacturing. The nmethod for
formng an organic filmof the present invention can
forman organic filmw th reduced hunps, and thereby a
sem conductor device, etc. can be efficiently

manuf act ur ed.
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BRI EF DESCRI PTI ON OF DRAW NGS
[ 0041]

FIG 1 is a graph of neasuring a height of a hunp
by using a contact-type profiler in an exanple of
Conpar ative Exanple (Conparative UDL-1) of the
conposition for formng an organic film of the present
i nventi on;

FIG 2 is a graph of neasuring a height of a hunp
by using a contact-type profiler in an exanple (UDL-4)
of the conmposition for form ng an organic film of the
present invention;

FIG 3 is an explanatory view for an exanple of the
patterni ng process of the present invention with a
t hree-|layer resist process; and

FIG 4 is an explanatory view for a method for

evaluating filling characteristics in Exanples.

DESCRI PTI ON OF EMBODI MENTS
[ 0042]

As noted above, there has been a demand for
devel opnent of a conposition for form ng an organic film
havi ng excellent filmformbility (in-plane uniformty)
and filling characteristics on the substrate (wafer),
and reducing hunps in the EBR process.
[ 0043]

When the organic filmis formed, a resin for
formng an organic filmand an additive are comonly
di ssol ved in an organic solvent to prepare a
conposition, and this conposition is applied with a
coat er/ devel oper on a substrate on which a structure,
wiring, etc. are formed. The conposition spreads by

rotating the substrate to renove the conposition on the
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edge in the EBR process, and then baked to formthe
organic film

It is considered that a conposition having
insufficient flowability causes voids in filling holes
or trenches with an extrenmely high aspect ratio, and if
the resin for formng an organic filmand the additive
have poor solubility in a renover used in the EBR
process, hunps are generated on an outer periphery of
the organic film
[ 0044]

The present inventors have further made earnest
study to find that the conposition for form ng an
organic filmhaving filmformability, high filing
characteristics, and excellent hunp inhibition property
in the EBR process is obtained by blending a conposition
for formng an organic filmconprising: a resin for
form ng an organic film a polyner having a structura
unit represented by the follow ng general fornula (I),
and at | east one of a structural unit represented by the
foll ow ng general fornula (Il) and a structural unit
represented by the follow ng general fornula (Il11); and
a solvent, wherein the structural unit represented by
the follow ng general formula (1), and at |east one of
the structural unit represented by the follow ng genera
formula (11) and the structural unit represented by the
follow ng general fornula (Il1l1) forma random copol yner,
and the polynmer has a fluorine content of 5 mass%to 16
mass% This finding has led to conpletion of the

present invention.
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In the fornmula, R! represents a hydrogen atom or an
al kyl group having 1 to 20 carbon atons; and R?
represents an organic group having a fluorine atomand 1
to 20 carbon atons, and having no sulfonyl group and no
anm no group.

RS

O o—(R“o RS- o—}nRﬁ .

In the fornmula, R3 represents a hydrogen atom or an
al kyl group having 1 to 20 carbon atonms; R* and R° each
represent a linear or branched dival ent al kyl ene group
having 1 to 4 carbon atons; RS represents a hydrogen
atom an al kyl group having 1 to 4 carbon atons, or a
phenyl group; ml represents 0 to 23; nl represents 0 to
23; and 23 2 ml+nl 2 2.
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RY RS

07 0~RI-01{-R1%0F0" 0
m2 n2 (11 71)

In the fornula, R” and R8 represent a hydrogen atom
or an al kyl group having 1 to 20 carbon atons; R® and R0
each represent a linear or branched dival ent al kyl ene
group having 1 to 4 carbon atons; nR2 represents 0 to 23;
n2 represents 0 to 23; and 23 2 m2+n2 = 2.

[ 0045]

Specifically, the present invention is a
conposition for formng an organic filmconprising: a
resin for formng an organic filnm a polymer having a
structural unit represented by the follow ng genera
formula (1), and at | east one of a structural unit
represented by the foll owi ng general formula (Il1) and a
structural unit represented by the follow ng genera
formula (111); and a solvent, wherein the structura
unit represented by the follow ng general fornula (I),
and at | east one of the structural unit represented by
the follow ng general formula (11) and the structural
unit represented by the follow ng general formula (II11)
forma random copol yner, and the polyner has a fluorine

content of 5 mass% to 16 mMass%
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R‘I

Rz_o O ( I

wherein R! represents a hydrogen atom or an al kyl
group having 1 to 20 carbon atons; and R2 represents an
organi c group having a fluorine atomand 1 to 20 carbon

atons, and having no sul fonyl group and no am no group,

F23

O o—(R“ o R5— O-}RB |
o (11

wherein R3 represents a hydrogen atom or an al kyl
group having 1 to 20 carbon atons; R* and R> each
represent a |inear or branched dival ent al kyl ene group
having 1 to 4 carbon atons; RS represents a hydrogen
atom an al kyl group having 1 to 4 carbon atons, or a
phenyl group; ml represents 0 to 23; nl represents 0 to
23; and 23 2 ml+nl = 2,
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R’ RS

O o—eRg—oa—ﬁRmo 0 X0
m2 n2 ( 1 11)

wherein R’ and Ré represent a hydrogen atom or an
al kyl group having 1 to 20 carbon atons; R® and R!? each
represent a linear or branched dival ent al kyl ene group
having 1 to 4 carbon atons; n2 represents 0 to 23; n2
represents 0 to 23; and 23 2 m2+n2 = 2.

Note that the fluorine content of the polymer used
in the present invention is calculated froma mass
proportion of fluorine atons relative to a total anpunt
of used raw material nonomers
[ 0046]

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

[ 0047]
Conposition for Form ng Organic Film

The conposition for formng an organic film of the
present invention is a conposition for form ng an
organic filmconprising: a resin for form ng an organic
film a polymer having a structural unit represented by
the follow ng general formula (1), and at |east one of a
structural unit represented by the follow ng genera
formula (11) and a structural unit represented by the
foll ow ng general formula (Il1); and a solvent, wherein
the structural unit represented by the follow ng genera
formula (1), and at | east one of the structural unit

represented by the follow ng general fornula (I1) and
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the structural unit represented by the follow ng general
formula (111) forma random copol ynmer, and the pol ymer

has a fluorine content of 5 mass% to 16 mass%

R1

Rg_o O ( 1

wherein R! represents a hydrogen atom or an al kyl
group having 1 to 20 carbon atons; and R? represents an
organi c group having a fluorine atomand 1 to 20 carbon

atonms, and having no sul fonyl group and no am no group,

R3

O O—ER“ oF- R5- O}Rﬁ |
o (1]

wherein R3 represents a hydrogen atom or an al kyl
group having 1 to 20 carbon atons; R* and R> each
represent a |inear or branched dival ent al kyl ene group
having 1 to 4 carbon atons; RS represents a hydrogen
atom an al kyl group having 1 to 4 carbon atons, or a
phenyl group; ml represents 0 to 23; nl represents 0 to
23; and 23 2 ml+nl = 2,
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RY R8

07~ 0~{R*-0-{-R"® 000
m2 n2 ( 1 11)

wherein R” and R8 represent a hydrogen atom or an
al kyl group having 1 to 20 carbon atons; R® and R!? each
represent a linear or branched dival ent al kyl ene group
having 1 to 4 carbon atons; n2 represents 0 to 23; n2
represents 0 to 23; and 23 2 m2+n2 2= 2.

[ 0048]

In the conposition for form ng an organic fil m of
the present invention, each of the resin for form ng an
organic film the polyner, and the solvent may be used
singly or in conbination of two or nore.

[ 0049]

Pol ymer Having at Least One of Structural Unit
Represented by General Formula (1), Structural Unit
Represented by General Formula (I1), and Structural Unit
Represented by General Formula (II1), wherein Structura
Unit Represented by CGeneral Formula (1), and at Least
One of Structural Unit Represented by CGeneral Fornula
(I'l') and Structural Unit Represented by General Fornula
(I'l'l) Form Random Copol yner, and Pol ymer Has Fl uori ne
Content of 5 mass% to 16 mass%

The conposition for formng an organic film of the
present invention conprises a polyner having a
structural unit represented by the general fornmula (1),
and at | east one of a structural unit represented by the

general formula (11) and a structural unit represented
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by the general fornula (I11), wherein the structura

unit represented by the general formula (1), and at

| east one of the structural unit represented by the
general formula (11) and the structural unit represented
by the general fornula (Il11) forma random copol yner,
and the polymer has a fluorine content of 5 mass%to 16
mass% These structural units are polynerized for
form ng the random copol ymer because of excell ent
conpatibility between the resin for form ng an organic
filmand the solvent. It is considered that this

pol ymer has excellent flexibility because of the
cont ai ned oxyal kyl ene group, and inproves flowability of
t he conmposition for formng an organic film by setting
the fluorine content to be within an appropriate range
to regul ate an aggregation state of the polyner, | eading
to the excellent filling characteristics. Further, this
pol ymer has excellent solubility in a renover in the EBR
process to inhibit hunps. The contained fluorine
reduces surface tension to also inprove in-plane
uniformty of the conposition for form ng an organic
film An upper limt of the fluorine content is 16
mass% preferably 14 mass% fromthe vi ewpoint of the
hump i nhibition, and nost preferably 12 mass% fromt he
viewpoint of the filling characteristics.

From the viewpoint of the in-plane uniformty, a
lower limt of the fluorine content is 5 mass% and
preferably 7 mass%

[ 0050]

The R! represents a hydrogen atom or an al kyl group
having 1 to 20 carbon atons. Specific exanples of the
al kyl group having 1 to 20 carbon atoms include a nethyl
group, an ethyl group, a propyl group, an isopropyl
group, an n-butyl group, a s-butyl group, a t-butyl
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group, an isobutyl group, a pentyl group, a cyclopentyl
group, a hexyl group, a cyclohexyl group, and a decyl
group. Anpng these, a hydrogen atom and a nethyl group
are nmore preferable.

[ 0051]

The R2 represents an organic group having a
fluorine atomand 1 to 20 carbon atomnms, and having no
sul fonyl group and no am no group.

Here, the term “organic group” in the present
I nvention means a group having at | east one carbon, the
organi c group further has hydrogen, and may have
ni trogen, oxygen, sulfur, silicon, a hal ogen atom etc.

R2 preferably represents an organi c group having a
fluorine atomand 1 to 20 carbon atons, and further
preferably an organic group having 1 to 20 carbon atons
wherein a substituent having the fluorine atomis

represented by the followi ng general formula (1V) or

(V).

| *
N FaC
CF 2
| i \CFz
CF |

F2C (1 V) CFks (V)

wherein “*” represents a bonding position.
R?2 excludes a sul fonyl group and an am no group

because these structures increase the polarity to limt
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a preferable type of the sol vent.

The polymer having these structures yields
properties of reduction in the surface tension of the
conposition for formng an organic film and excel |l ent
conpatibility of the polymer with the solvent, which can
formthe organic film having nore excellent in-plane
uniformty by spin-coating.

[ 0052]

More specific exanples of the structural unit
represented by the general forrmula (1) include, but not
limted to, the following structures. Anpong these,
structural units having a perfluoroal kyl group having 3

or 4 carbon atons are preferable, as noted above.
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[ 0053]
The R® represents a hydrogen atom or an al kyl group

having 1 to 20 carbon atomns.
al kyl

group, an ethyl

gr oup,
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group having 1 to 20 carbon atonms include a nethyl

a propyl

group, an isopropyl



group, an n-butyl group, a s-butyl group, a t-butyl
group, an isobutyl group, a pentyl group, a cyclopentyl
group, a hexyl group, a cyclohexyl group, and a decyl
group. Anong these, a hydrogen atom and a nethyl group
are nore preferable.

[ 0054]

The R* and the R> each represent a |inear or
branched di val ent al kyl ene group having 1 to 4 carbon
atons. Specific exanples of the |inear or branched
di val ent al kyl ene group having 1 to 4 carbon atons
i ncl ude a nethyl ene group, an ethyl ene group, a
propyl ene group, a butylene group, a trinethylene group,
and a tetramet hyl ene group. Anpong these, an ethyl ene
group is nore preferable fromthe viewpoint of the
filling characteristics. The sequence of (RO and (RO
may be a random bl ock, or nultibl ock sequence.

[ 0055]

The Ré represents a hydrogen atom an al kyl group
having 1 to 4 carbon atons, or a phenyl group. Specific
exanmpl es of the al kyl group having 1 to 4 carbon atons
i nclude a nmethyl group, an ethyl group, a propyl group,
an i sopropyl group, an allyl group, an n-butyl group, a
s-butyl group, a t-butyl group, and an isobutyl group.
Among these, a hydrogen atom a nethyl group or an ethyl
group, and a phenyl group are nore preferable.

[ 0056]

The nml represents 0 to 23, nl represents 0 to 23,
and 23 2 ml+nl 2 2. Here, ml and nl represent an
average nunber of repetitions. An upper limt of nml+nl
Is 23, and nore preferably 13 fromthe viewoi nt of
storage stability at | ow tenperature.

[ 0057]
More specific exanples of the structural unit
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represented by the general forrmula (11) include, but not

limted to, the follow ng structures.

Loporpr Fopoop W FopepO
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[ 0058]

ijofv%fo% ﬁhl‘ﬁ\f%

%;:Iio{“xfotjg_/_“b:%\ {;:Iiof“N/OZf\J/“b:%<:>
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[ 0059]

The R” and R8 represent 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

29



i sopropyl group, an n-butyl group, a s-butyl group, a t-
butyl group, an isobutyl group, a pentyl group, a

cycl opentyl group, a hexyl group, a cycl ohexyl group,
and a decyl group. Anong these, a hydrogen atom and a
met hyl group are nore preferable.

[ 0060]

The R® and the R0 each represent a linear or
branched di val ent al kyl ene group having 1 to 4 carbon
atons. Specific exanples of the |inear or branched
di val ent al kyl ene group having 1 to 4 carbon atons
i ncl ude a nethyl ene group, an ethyl ene group, a
propyl ene group, a butylene group, a trinethylene group,
and a tetramet hyl ene group. Anpong these, an ethyl ene
group is nore preferable. The sequence of (RO and
(RO may be a random bl ock, or nultiblock sequence.
[ 0061]

The n2 represents 0 to 23, n2 represents 0 to 23,
and 23 2 m2+n2 2 2. Here, m2 and n2 represent an
average nunber of repetition. An upper limt of nR2+n2
Is 23, and nore preferably 13 fromthe viewoi nt of
storage stability at |ow tenperature.

[ 0062]

More specific exanples of the structural unit
represented by the general forrmula (I111) include, but
not limted to, the foll ow ng structures.
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m2 m2

m2

[ 0063]

The polymer can be synthesized by polynmerizing a
nmononer to provide the structural unit represented by
t he general fornula (I), and at | east one nononer of a
nonomer to provide the structural unit represented by
t he general fornmula (Il) and a nonomer to provide the
structural unit represented by the general formula (II11)
at a blending ratio depending on each of the structures
of the polynmer so as to be a predeterm ned content ratio
by a known net hod.

[ 0064]

For the polyner, each of the nononer to provide the
structural unit represented by the general formula (1),
and at | east one mononmer of the nononer to provide the
structural unit represented by the general formula (1)
and the nononer to provide the structural unit
represented by the general forrmula (111) may be used
singly, or in conmbination of two or nore.

[ 0065]

Conbi nation of a plurality of the structural units

provi des conpl ex structure to inhibit aggregation of the

pol yner, which can appropriately regul ate the sol vent
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solubility.
[ 0066]

The polymer can be obtai ned by polynerizing
pol ymeri zabl e nononers by a known nethod, and the
pol yneri zation is perforned so that the structural unit
represented by the general fornmula (1), and at |east one
of the structural units represented by the general
formula (11) and the structural unit represented by the
general formula (111) forma random copol yner. For
obtaining the polyner, the polynmer can also be
synt hesi zed by pol ynmerizing nononers protected with a
protecting group as necessary, and then performng a
deprotection reaction as necessary. A reaction nethod
for obtaining the polymer is not particularly limted,
and nmet hods such as radical polynerization and cation
pol ymeri zati on may be used and appropriately selected
dependi ng on reactivity of the nononers.
[ 0067]

One nethod for using the radical polynmerization is
a method in which nononmers having a polynerizable
unsat urated bond are m xed, and in a solvent, adding a
radical initiator to perform polymerization with
heating. This nmethod can yield the polymer. The
pol ynmeri zati on conditions may be variously sel ected
dependi ng on the nononmers to be used, a target nolecul ar
wei ght, etc. Specific exanples of a solvent used in the
pol ymeri zati on include toluene, benzene,
tetrahydrofuran, diethyl ether, dioxane, 2-butanone,
met hyl isobutyl ketone, propyl ene glycol nononethyl
ether acetate, cyclohexanone, y-butyrolactone, ethyl
acetate, and butyl acetate. Exanples of the
pol ymeri zation initiator include 2,2 -
azobi si sobutyronitrile (AIBN), 2,2 -azobis(2,4-
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di met hyl val eronitrile), dinmethyl 2,2-azobis(2-
met hyl propi onate), benzoyl peroxide, and | auroyl
peroxide. In the polynerization, thiols such as
oct anet hi ol and 2-nmercapt oet hanol may be added as a
chain transfer agent. The polynerization reaction my
be preferably perfornmed by heating at 40°C to a boiling
poi nt of the solvent. The reaction tinme is 0.5 to 100
hours, and preferably 1 to 48 hours.
[ 0068]

One nethod for using the cation polynerization is a
met hod i n which nononmers having a polynerizabl e
unsat urated bond are m xed, and adding a cation
pol ymeri zation initiator to perform polynerization.
This method can yield the polymer. The polynerization
conditions may be variously sel ected depending on the
nononmers to be used, a target nolecular weight, etc.
Speci fic exanples of a solvent used in the
pol ymeri zati on i nclude hexane, heptane, octane, toluene,
met hyl ene chl oride, 1,2-dichloroethane, ethyl ether, and
butyl ether. An available catalyst as the cation
pol ymeri zation initiator may be an acid including:
protoni c acids, such as sulfuric acid, a perchloric
acid, trifluoroacetic acid, nethanesul fonic acid,
trifluoronethanesul fonic acid, chlorosul fonic acid, and
fluorosul fonic acid; Lew s acids, such as boron
trifluoride, alum numchloride, titaniumtetrachl oride,
stannic chloride, and ferric chloride; etc. Wen a
Lewis acid is used for the catal yst, presence of a
proton supplying source such as an acid, water, and an
al cohol at an approximately sane nole anmpbunt as the
catal yst inproves the cation polynmerization activity,
and thus such a proton supplying source nay be added.

The tenperature is not particularly limted as |ong as
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the polynmerization reaction proceeds, the polynerization
reaction may be preferably perforned at -10°C to a
heating tenperature of a boiling point of the reaction
sol vent. The reaction time is 0.5 to 100 hours, and
preferably 1 to 48 hours.

[ 0069]

The polymer preferably has a wei ght-average
nol ecul ar wei ght (Mwv) of 1,000 to 300, 000, nore
preferably 2,000 to 20,000, and further preferably 3,000
to 15,000. Wth Mwv of 1,000 or nore, excellent in-plane
uniformty is exhibited. Manwhile, with Mv of 30, 000
or less, application failure due to insufficient
solubility in the solvent can be inhibited. A nolecular
wei ght distribution (MW M) is preferably 1.0 to 3.0,
and nmore preferably 1.0 to 2.0. Mw and the nol ecul ar
wei ght distribution in the present invention are
measurenment values in terms of polystyrene by gel
permeati on chromat ography (GPC) using tetrahydrofuran
(THF) as a solvent.

[ 0070]

A bl endi ng amount of the polymer is preferably 0.01
to 5 parts by mass, nore preferably 0.1 to 3 parts by
mass, and particularly preferably 0.5 to 2 parts by mass
relative to 100 parts by mass of the resin for formng
an organic film When the bl endi ng anount of the
polymer is 0.01 part by mass or nore, the effect by
bl endi ng can be sufficiently obtained. Although the
pol ymer is deconposed by heat in baking to deteriorate
the in-plane uniformty and the filling characteristics,
the polynmer at the range of 5 parts by mass or | ess can
be suitably used.

[ 0071]
Resin for Form ng Organic Film
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The resin for formng an organic filmusable in the
organic film conposition of the present invention is not
particularly limted as long as it is a conpound
containing a resin satisfying filmformability in spin-
coating and curability, but the resin is nore preferably
a conmpound having an aromati c skeleton fromthe
vi ewpoi nts of etching resistance, optical properties,
heat resistance, etc.

[0072]

Exanpl es of the aromatic skel eton include benzene,
napht hal ene, ant hracene, pyrene, indene, fluorene,
furan, pyrrole, thiophene, phosphole, pyrazole, oxazol e,
i soxazol e, thiazole, pyridine, pyrazine, pyrimdine,
pyri dazi ne, triazine, and carbazole. Anobng these,
benzene, napht hal ene, fluorene, and carbazole are
particul arly preferable.

[ 0073]

Exanpl es of the resin for formng an organic film
applied to the present invention include resins
described in JP 2012-1687 A and JP 2012-77295 A, and

having the follow ng structure.

n (1)

In the fornula (1), the ring structures Arl and Ar2
represent a benzene ring or a naphthalene ring; X

represents a single bond or an al kyl ene group having 1
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to 20 carbon atons; “m’ represents 0 or 1; and “n”
represents a given natural nunber so that the nol ecul ar
wei ght is 100,000 or |less. The synbols in the fornula
are applied only in this fornula.

[ 0074]

(2)

In the fornula (2), the ring structures Arl and Ar2

represent a benzene ring or a naphthalene ring; and “n
represents a given natural nunber so that the weight-
average nol ecular weight in ternms of polystyrene by gel
per neati on chromat ography is 100,000 or |ess. The
synbols in the fornmula are applied only in this formula.
[ 0075]

Exanpl es of the resin for formng an organic film
applied to the present invention further include resins
descri bed in JP 2004-264710 A, JP 2005-043471 A, JP
2005- 250434 A, JP 2007-293294 A, and JP 2008-65303 A,

and having the follow ng structure.
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€CH—CH ¢ CH,— CH —
Rj)m RS)"]
C/Rl n r/Rl
RZ 1\ R\
OH OH
(3) (4)

In the fornulae (3) and (4), R! and R? represent a
hydrogen atom an al kyl group having 1 to 3 carbon
atons, or an aryl group; RS represents an al kyl group
having 1 to 3 carbon atons, a vinyl group, an allyl
group, or an optionally substituted aryl group; “n”
represents 0 or 1; and “ni represents 0, 1, or 2. The
synmbols in the fornmulae are applied only in these

f or nul ae.
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[ 0076]

(5)

In the fornula (5), Ri. represents a nonoval ent atom
or group except for a hydrogen atom “n” represents an

integer of 0 to 4, provided that, when “n” represents 2
to 4, the plurality of Rt may be sane as or different
fromeach other; R: and Rs: i ndependently represent a
nonoval ent atom or group; and X represents a dival ent
group. The synmbols in the fornmula are applied only in

this fornul a.
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(6)
(OR’)., OR’),

In the formula (6), Ry represents a hydrogen atom
or a nmethyl group; R: represents any one of a single
bond, a linear, branched, or cyclic al kylene group
having 1 to 20 carbon atons, and an aryl ene group having
6 to 10 carbon atons, R optionally having any one of
ether, ester, lactone, and am de; Rs and R4 each
represent a hydrogen atomor a glycidyl group; X
represents a polyner of any one of a hydrocarbon having
an i ndene skel eton, a cycloolefin having 3 to 10 carbon
atoms, and nmal eim de, X optionally having any one of
et her, ester, lactone, and carboxylic anhydride; Rs and
Rs each represent any one of a hydrogen atom a fluorine
atom a nethyl group, and a trifluoromethyl group; Ry
represents any one of a hydrogen atom a linear
branched, or cyclic al kyl group having 1 to 6 carbon
atons, a hydroxy group, and an al koxycar bonyl group; “p”
and “q” each represent an integer of 1 to 4; “r”
represents an integer of 0 to 4; and “a”, “b”, and “c”
are each within a range of 0.5 < at+b+c <1, 0 < a £ 0.8,
0 <b<0.8 0.1<ath <0.8, and 0.1 <c¢c <£0.8. The
synbols in the fornula are applied only in these

f or mul ae.
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[ 0078]

~— Fzg FES ‘jfg“

. (7)
\

/

CHz—oR,

In the formula (7), R:. represents a hydrogen atom
or a nmonoval ent organic group; and R and Rs: each
I ndependent|ly represent a nonoval ent atom or a
nonoval ent organic group. The synbols in the fornula
are applied only in this formnul a.

[ 0079]

Specific exanples of the resin for formng an
organic filmapplied to the present invention include
resins described in JP 2004-205685 A, JP 2007-171895 A,
and JP 2009-14816 A, and having the follow ng structure.
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In the fornmulae (8) and (9), R! to R8 each
i ndependently represent a hydrogen atom a hydroxy
group, an optionally substituted al kyl group having 1 to
6 carbon atonms, an optionally substituted al koxy group
having 1 to 6 carbon atons, an optionally substituted
al koxycar boxyl group having 2 to 6 carbon atonms, an
optionally substituted aryl group having 6 to 10 carbon
atonms, a hydroxyal kyl group having 1 to 6 carbon atons,
an i socyanate group, or a glycidyl group; and “ni and
“n” represent a positive integer. The synbols in the
formul ae are applied only in these fornul ae.
[ 0080]

: hiT O )
d
a Zb \C 4 RS 4
. =X
o ,‘\ \|/ R?’p

OHy, g2

In the formula (10), R! and Ré represent a hydrogen
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atom or a nethyl group; R, RS and R* represent a
hydrogen atom an al kyl group having 1 to 4 carbon
atonms, an al koxy group, a hydroxy group, an acetoxy
group, an al koxycarbonyl group, or an aryl group having
6 to 10 carbon atons; R° represents a condensed

pol ycyclic hydrocarbon group having 13 to 30 carbon
atoms, -O R, -C(=0-0R’, -OC(=0-R’, or -C(=0 -NRs-RT;
“m represents 1 or 2; “n” represents an integer of 0 to
4; “p” represents an integer of 0 to 6; R’ represents an
organi c group having 7 to 30 carbon atons; R8 represents
a hydrogen atons or a hydrocarbon group having 1 to 6
carbon atons; Z represents any one of a nethyl ene group,
-0, -S-, and -NH-; and “a”, “b”, *"c”, “d’, and “e” are
each within a range of 0 <a <1.0, 0 <b <0.8 0<cc«<
0.8, 0<d<0.8 0<e<0.8 and 0 < b+c+d+e < 1.0.
The synbols in the fornula are applied only in this

for mul a.

[ 0081]

R

(\"““/;/“\‘/: ; \
\ ://Hf/\»f\J

o
0 { R'4—Cc=—=c—~R?
n

(11)

]

In the fornula (11), “n” represents 0 or 1; R!
represents an optionally substituted nethylene group, an
optionally substituted al kyl ene group having 2 to 20
carbon atons, or an optionally substituted aryl ene group

having 6 to 20 carbon atons; R2? represents a hydrogen
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atom an optionally substituted al kyl group having 1 to
20 carbon atons, or an optionally substituted aryl group
having 6 to 20 carbon atonms; R3 to R’ represent a hydroxy
group, an optionally substituted al kyl group having 1 to
6 carbon atons, an optionally substituted al koxy group
having 1 to 6 carbon atons, an optionally substituted
al koxycar bonyl group having 2 to 10 carbon atons, an
optionally substituted aryl group having 6 to 14 carbon
atonms, or an optionally substituted glycidyl ether group
having 2 to 6 carbon atons; and R° represents a hydrogen
atom a l|linear, branched, or cyclic alkyl group having 1
to 10 carbon atons, a |inear, branched, or cyclic alkyl
et her group having 1 to 10 carbon atoms, or an aryl
group having 6 to 10 carbon atons. The synbols in the
formula are applied only in this formula.
[ 0082]

For exanple, the follow ng conpounds are
exenmplified.
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[ 0084]

Exanpl es of the resin for formng an organic film
applied to the present invention include resins
descri bed in JP 2007-199653 A, JP 2008-274250 A, and JP
2010- 122656 A, and having the follow ng structure.

e
R0 J 50 R
/
%"—i-;;* =z (12)
R K
B - on

In the fornula (12), R! and R? i ndependently
represent a hydrogen atom a l|inear, branched, or cyclic
al kyl group having 1 to 10 carbon atonms, an aryl group
having 6 to 10 carbon atonms, or an al kenyl group having
2 to 10 carbon atons, and these groups may be sanme as or
different fromeach other; R3 represents a single bond or
an al kyl ene group having 1 to 30 carbon atons and havi ng
a linear, branched, or cyclic structure, and these
groups optionally have a cross-linked cyclic hydrocarbon
group, a double bond, a heteroatom or an aromatic group
having 6 to 30 carbon atons; R* and RS each independently
represent a hydrogen atom or a glycidyl group; and “n”
represents an integer of 1 to 4. The synbols in the
formula are applied only in this formula.
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[ 0085]

(13)

In the fornula (13), R! and R?2 i ndependently
represent a hydrogen atom a l|inear, branched, or cyclic
al kyl group having 1 to 10 carbon atoms, an aryl group
having 6 to 10 carbon atonms, or an al kenyl group having
2 to 10 carbon atonms, and these groups nmay be sanme as or
different fromeach other; R3 represents a single bond or
an al kyl ene group having 1 to 30 carbon atons and havi ng
a |inear, branched, or cyclic structure, these groups
optionally have a cross-linked cyclic hydrocarbon group,
a double bond, a heteroatom or an aromatic group having
6 to 30 carbon atons; R* and R> each independently
represent a hydrogen atomor a glycidyl group; and R®
represents a single bond, or a linear or branched
al kyl ene group having 1 to 10 carbon atonms. The synbols
in the fornula are applied only in this formnul a.
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[ 0086]

(14)

In the fornula (14), the ring Z! and the ring Z2
represent a condensed polycyclic aromati c hydrocarbon
ring; Rta, RIb, R2a  and R2P represent same or different
substituents. k1 and k2 represent sanme or different
integers of 0 or 1 to 4; mlL and n2 each represent an
integer of 0 or 1 or nmore; and nl and n2 each represent

an integer of 0 or 1 or nore, and nl+n2 > 1. The synbols
in the fornmula are applied only in this formul a.
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[ 0087]

(15)

In the fornula (15), R! and R?2 represent a hydrogen
atom a l|inear, branched, or cyclic alkyl group having 1
to 10 carbon atons, an aryl group having 6 to 10 carbon
atonms, or an al kenyl group having 2 to 10 carbon atons,
and these groups may be sanme as or different from each
ot her; R3 and R* each represent a hydrogen atomor a
gl ycidyl group; R°> represents a single bond, or a linear
or branched al kyl ene group having 1 to 10 carbon atons;
Ré and R’ represent a benzene ring or a naphthal ene ring;
“p” and “q” each represent 1 or 2; and “n” satisfies 0 <
n < 1. The synbols in the fornmula are applied only in
this fornul a.
[ 0088]

For exanple, the follow ng conpounds are

exenplified.
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[ 0089]
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[ 0090]
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[ 0091]

R Ry
{mc}b%
A
L. — 0.60 0.40

_ [T,

53



[ 0092]

0.5

CH,

0.48

.36
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[ 0093]

672 Lo -1 0.28

[ 0094]
Exanpl es of the resin for formng an organic film
applied to the present invention include resins

described in JP 2012-214720 A and having the follow ng

structure.
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(16)

In the fornula (16), the ring structures Arl and
Ar2 represent a benzene ring or a naphthal ene ring; and
“x” and “z” each independently represent 0 or 1. The
synmbols in the fornmula are applied only in this formula.
[ 0095]

Exanpl es of the resin for formng an organic film
applied to the present invention include resins
described in JP 2014-29435 A, WO 2012/ 077640, and WO

2010/ 147155.

C
A (17)
B

In the fornula (17), A represents a structure
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havi ng carbazole; B represents a structure having an
aromatic ring; C represents a hydrogen atom an al kyl
group, or a structure having an aromatic ring, B and C
optionally constitute a ring each other, and the
structure including A, B, and C has 1 to 4 carboxyl
groups or salts thereof, or carboxyl ate ester groups.
The synbols in the forrmula are applied only in this
for mul a.
[ 0096]

Pol ymers described in WO 2012/ 077640 and having a
unit structure represented by the follow ng fornmula (18)
and a unit structure represented by the foll ow ng
formula (19) can be exenplified. A ratio between the
unit structure represented by the fornmula (18) and the
unit structure represented by the fornmula (19) is 3 to
97 : 97 to 3 in a nolar ratio.

(Rl)nl (Rz) g

\ |‘\
/N\ )

| 18
Rs (18)

In the fornula (18), R and R: each i ndependently
represent a hydrogen atom a halogen atom a nitro
group, an am no group, a hydroxy group, an al kyl group
having 1 to 10 carbon atoms, an al kenyl group having 2
to 10 carbon atons, an aryl group having 6 to 40 carbon

atoms, or a conbination of these groups and optionally
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havi ng an et her bond, a ketone bond, or an ester bond; Rs
represents a hydrogen atom an al kyl group having 1 to
10 carbon atons, an al kenyl group having 2 to 10 carbon
atonms, an aryl group having 6 to 40 carbon atons, or a
conbi nati on of these groups and optionally having an

et her bond, a ketone bond, or an ester bond; R4
represents a hydrogen atom an aryl group having 6 to 40
carbon atonms, or a heterocyclic group, and the aryl
group is optionally substituted with a hal ogen atom a
nitro group, an am no group, or a hydroxy group; Rs
represents a hydrogen atom an al kyl group having 1 to
10 carbon atoms, an aryl group having 6 to 40 carbon
atoms, or a heterocyclic group, the alkyl group is
optionally substituted with a hal ogen atom a nitro
group, an am no group, or a hydroxy group; Rs and Rs
optionally forma ring each other; and nl and n2 each
represent an integer of 1 to 3. The synbols in the

formula are applied only in this formula.

(Re)ng

it

(Rong (19)

In the fornula (19), Ar represents an aromatic ring
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group having 6 to 20 carbon atons; Rs represents a
hydr oxy group; R; represents a hydrogen atom a hal ogen
atom a nitro group, an am no group, an al kyl group
having 1 to 10 carbon atoms, an al kenyl group having 2
to 10 carbon atons, an aryl group having 6 to 40 carbon
atoms, or a conbination of these groups and optionally
havi ng an et her bond, a ketone bond, or an ester bond; Rs
represents a hydrogen atom an aryl group having 6 to 40
carbon atonms, or a heterocyclic group, and the aryl
group is optionally substituted with a hal ogen atom a
nitro group, an am no group, or a hydroxy group; Ro
represents a hydrogen atom an al kyl group having 1 to
10 carbon atoms, an aryl group having 6 to 40 carbon
atoms, or a heterocyclic group, and the al kyl group is
optionally substituted with a hal ogen atom a nitro
group, an am no group, or a hydroxy group; Rs and R
optionally forma ring each other; n6 represents an
integer of 1 to “p”; and n7 represents an integer of p-
n6, and “p” here represents a maxi mnum nunber of
substituents that the aromatic ring group Ar can have.
The synbols in the formula are applied only in this
for mul a.
[ 0097]

Exanpl es of the resin for formng an organic film
applied to the present invention include polyners
descri bed in WO 2010/ 147155 and having a unit structure

represented by the follow ng formula (20).
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Rn1 (Re)n2
\*~=-.

E f (20)
' R
N 2

In the formula (20), R: and R: are each sel ected

fromthe group consisting of a hydrogen atom a hal ogen
group, a nitro group, an am no group, a hydroxy group,
an al kyl group having 1 to 10 carbon atons, an al kenyl
group having 2 to 10 carbon atons, an aryl group having
6 to 40 carbon atons, and a conbination of these groups,
and the al kyl group, the al kenyl group, or the aryl
group optionally has an ether bond, a ketone bond, or an
ester bond; Rs is selected fromthe group consisting of a
hydrogen atom an al kyl group having 1 to 10 carbon
atons, an al kenyl group having 2 to 10 carbon atonms, an
aryl group having 6 to 40 carbon atons, and a

conbi nati on of these groups, and the al kyl group, the

al kenyl group, or the aryl group optionally has an ether
bond, a ketone bond, or an ester bond; Rs represents an
aryl group or heterocyclic group having 6 to 40 carbon
atonms, and the aryl group and the heterocyclic group are
optionally substituted with a hal ogen group, a nitro
group, an am no group, or a hydroxy group; Rs represents
a hydrogen atom an al kyl group having 1 to 10 carbon
atonms, an aryl group having 6 to 40 carbon atons, or a
het erocyclic group, and the al kyl group are optionally
substituted with a hal ogen group, a nitro group, an

am no group, or a hydroxy group; Rs and Rs optionally
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forma ring together with the carbon atomto which R4 and
Rs are bonded; and nl and n2 each represent an integer of
1 to 3. The synmbols in the fornula are applied only in
this fornul a.

[ 0098]

Exanpl es of the resin for formng an organic film
applied to the present invention include novol ac resins,
and resins having a repeating unit structure described
in WO 2012/ 176767 and represented by the foll ow ng
formula (21). The novol ac resins are obtained by a
reaction of: one or two or nore kinds of phenols, such
as phenol, cresol, xylenol, catechol, resorcinol,
hydr oqui none, pyrogallol, hydroxyqui nol, and
phl or ogl uci nol ; and one or two or nore kinds of al dehyde
sources, such as formal dehyde, paraforml dehyde, and

tri oxane, using an acidic catalyst.

A

(21)
B

In the fornula (21), A represents a hydroxyl -group-
substituted phenyl ene group derived froma
pol yhydr oxybenzene; and B represents a nonoval ent
condensed aromati c hydrocarbon ring group in which two
to six benzene rings are condensed. The synmbols in the
formula are applied only in this formula.
[ 0099]
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Exanpl es of the resin for formng an organic film
applied to the present invention include resins
described in JP 2005-128509 A, JP 2006-259249 A, JP
2006- 259482 A, JP 2006-293298 A, and JP 2007-316282 A.
In the resins, a novolac resin having a fluorene or
tetrahydrospirobii ndene structure has a repeating unit
structure represented by the following fornula (22-1) or
(22-2).

&Y OR® (R OR
_ﬁ\/E/f \f}' 7

(22—1)

(22—2)

In the fornulae (22-1) and (22-2), R, R?, RS, and
R” i ndependently represent a hydrogen atom a linear,
branched, or cyclic al kyl group having 1 to 10 carbon

atonms, an aryl group having 6 to 10 carbon atons, an
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allyl group, or a halogen atom R3, R RS, and R°

i ndependent|ly represent a hydrogen atom a |inear,
branched, or cyclic al kyl group having 1 to 6 carbon
atons, a linear, branched, or cyclic al kenyl group
having 2 to 6 carbon atons, an aryl group having 6 to 10
carbon atonms, or a glycidyl group; R® and R4

i ndependent|ly represent a hydrogen atom a |inear,
branched, or cyclic al kyl group having 1 to 10 carbon
atoms, or an aryl group having 6 to 10 carbon atons;

“n”, “m, “p”, and “q” represent an integer of 1 to 3;
and R0 to RI3 |ndependently represent a hydrogen atom a
hal ogen atom a hydroxy group, a |inear, branched, or
cyclic al kyl group having 1 to 6 carbon atons, or a

|l i near, branched, or cyclic al koxy group having 1 to 6
carbon atons. The synmbols in the formul ae are applied
only in these fornul ae.

[ 0100]

Exanpl es of the resin for formng an organic film
applied to the present invention include reaction
products obtai ned by a nethod described in JP 2012-
145897 A.

More specifically, a polynmer obtained by
condensi ng: one or nore kinds of conpounds represented
by the follow ng general fornulae (23-1) and/or (23-2);
and one or nore kinds of conpounds represented by the
foll ow ng general fornulae (24-1) and/or (24-2), and/or

equi val ents thereof can be exenplified.
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(23—1)

(23—2)

In the fornulae (23-1) and (23-2), R! to R8 each
i ndependent|ly represent a hydrogen atom a hal ogen atom
a hydroxy group, an isocyanate group, a glycidyl oxy
group, a carboxyl group, an am no group, an al koxy group
having 1 to 30 carbon atonms, an al koxycarbonyl group
having 1 to 30 carbon atons, an al kanoyl oxy group havi ng
1 to 30 carbon atons, or an optionally substituted
saturated or unsaturated organic group having 1 to 30
carbon atons, and furthernore, any two substituents
freely selected fromeach of Rl to R* or R to R8 are
optionally bonded in the nmolecule to form an additional
cyclic substituent. The synbols in the fornul ae are
applied only in these fornul ae.

64



(24—1)

(24—2)

(OH) g

In the fornulae (24-1) and (24-2), Q represents an
optionally substituted organic group having 1 to 30
carbon atons, furthernmore, any two Q freely selected in
t he nmol ecule are optionally bonded to forma cyclic
substituent; and nl to n6 represent a nunber of each
substituent, and nl to n6 = 0, 1, or 2. The formula
(24-1) excludes hydroxybenzal dehyde. The formula (24-2)
satisfies relationships of 0 < n3+n5 < 3, 0 < n4+n6 < 4,
and 1 < n3+n4 < 4. The synbols in the fornulae are
applied only in these fornul ae.

[0101]

Pol ymers obt ai ned by condensi ng: one or nore kinds
of conmpounds represented by the general fornulae (23-1)
and/ or (23-2); one or nore kinds of conmpounds
represented by the general fornulae (24-1) and/or (24-2)
and/ or equival ents thereof; and one or nore kinds of
conpounds represented by the general formula (25) and/or

equi val ents thereof can be exenplified.
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Y—CHO (25)

In the fornmula (25), Y represents a hydrogen atom

or an optionally substituted nonoval ent organi c group
having 30 or | ess carbon atons. The formula (25)
differs fromthe fornulae (24-1) and (24-2). The
synmbols in the fornmula are applied only in this fornul a.
[0102]

Exanpl es of the resin for formng an organic film
applied to the present invention include resins
described in JP 2017-119671 A and having the follow ng

structure.

R%X)m,l (26 —1)

In the fornula (26-1), R represents a single bond
or an organic group having 1 to 50 carbon atons; X
represents a group represented by the foll owi ng general
formula (26-2); and ml represents an integer satisfying

2 <m < 10. The synbols in the fornula are applied only
in this formula.
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In the fornula, X2 represents a divalent organic
group having 1 to 10 carbon atons; nl represents 0 or 1,
n2 represents 1 or 2; X3 represents a group represented
by the follow ng general fornmula (26-3); and n5
represents 0, 1, or 2. The synbols in the formul ae are

applied only in this fornmula.

(26—3)

In the fornula, R represents a hydrogen atom or a
saturated or unsaturated hydrocarbon group having 1 to
10 carbon atonms. In the fornula, hydrogen atonms on the
benzene ring are optionally substituted with a nethyl
group or a methoxy group. The synbols in the fornula
are applied only in these fornul ae.

[0103]
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For exanmple, the foll ow ng conmpounds are

exenplified.
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[ 0105]

Exanpl es of the resin for formng an organic film
applied to the present invention include polyners
described in JP 2019-44022 A and having a repeating unit
represented by the follow ng general fornula (27-1).

(27—1)

In the fornmula (27-1), ARl and AR2 represent an
optionally substituted benzene ring or naphthal ene ring;
Rl and R2 each independently represent a hydrogen atom or
an organic group having 1 to 30 carbon atons, and when R!
and R2 represent organic groups, R! and R2 are optionally
bonded in the nolecule to forma cyclic organic group;
“n” represents 0 or 1, when n=0, ARl and AR2 do not form
a cross-linked structure of the aromatic rings of ARl
and AR2 via Z, and when n=1, ARl and AR2 form a cross-

i nked structure of the aromatic rings of ARL and AR2
via Z; Z represents a single bond or any one group
represented by the following formula (27-2); and Y
represents a group represented by the follow ng fornula
(27-3). The synmbols in the fornula are applied only in
this formula.

QCH4

0 )
—CHy~ —CHyCHy- ~—~ —0— —§— S
(27—2)
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[ 0106]

--R3-C=C-R4 (27—3)

In the fornula, R3 represents a single bond or a

di val ent organic group having 1 to 20 carbon atons; R4
represents a hydrogen atom or a nonoval ent organi c group
having 1 to 20 carbon atonms; and a broken line
represents an attachnment point. The synbols in the
formula are applied only in this formula.
[0107]

For example, the follow ng polynmers are

exenplified.
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[ 0109]
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[0110]
The resin for formng an organic film my be
synt hesi zed by known net hods, or commercially avail abl e
products may be used.
[0111]
A bl endi ng amobunt of the resin for form ng an

organic filmis not particularly limted as |long as the
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filmformability with spin-coating of the conposition
for formng an organic filmis satisfied. The content
of the resin for formng an organic filmis nore
preferably 10 parts by mass to 40 parts by mass, further
preferably 10 parts by mass to 30 parts by mass, and
further preferably 10 parts by mass to 25 parts by mass
relative to 100 parts by mass of the conposition for
form ng an organic film For exanple, when hol es or
trenches with an extrenely high aspect ratio for 3D NAND
menory architecture are filled with the conposition for
formng an organic film the bl endi ng anmount of the
resin for formng an organic filmneeds to be increased.
Meanwhi | e, such a conposition for form ng an organic
filmhas high viscosity to deteriorate in-plane
uniformty and filling characteristics after spin-
coating. The conmposition for formng an organic film of
t he present invention can be suitably applied because
t he conposition can formthe organic film having
excellent in-plane uniformty and filling
characteristics even with the above bl endi ng proportion
of the resin for formng an organic film
[0112]
Sol vent

The solvent usable in the conposition for formng
an organic filmof the present invention is not
particularly limted as long as it can dissolve the
resin for formng an organic film and the pol yner.
Favorably, the solvent can al so dissolve an acid
generator, a crosslinker, a surfactant, etc., described
| ater. Specific exanples thereof include: ketones, such
as 2- heptanone, cycl opentanone, and cycl ohexanone;
al cohol s, such as 3-nmet hoxybutanol, 3-nethyl - 3-

met hoxybut anol , 1-nethoxy-2-propanol, and 1-ethoxy-2-
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propanol ; ethers, such as propyl ene glycol nononethyl
et her, ethylene glycol nonomethyl ether, propylene

gl ycol nonoet hyl ether, ethylene glycol nonoethyl ether,
propyl ene glycol dinmethyl ether, and diethylene glycol
di met hyl ether; and esters, such as propyl ene glycol
nmononet hyl ether acetate, propylene glycol nonoet hyl

et her acetate, ethyl lactate, ethyl pyruvate, butyl
acetate, methyl 3-nethoxypropionate, ethyl 3-

et hoxypropi onate, tert-butyl acetate, tert-butyl

propi onate, y-butyrolactone, and propylene glycol nono-
tert-butyl ether acetate. One or two or nore kinds

t hereof may be m xed for use, and the solvent is not
limted thereto.

[0113]

Among t hese, propylene glycol nononethyl ether
acetate, propylene glycol nononethyl ether, 2-heptanone,
cycl opent anone, cycl ohexanone, v-butyrol actone, and a
m xture of two or nore kinds thereof are preferably
used.

[ 0114]
Ot her Conponents

Wth the conposition for form ng an organic film of
t he present invention, an acid generator and a
crosslinker to further pronote the crosslinking reaction
may be added. The acid generator includes an acid
generator to generate an acid by pyrolysis and an acid
generator to generate an acid by light irradiation, and
any of them may be added. Specific exanples of the acid
generator include acid generators described in
par agraphs [0061] to [0085] of JP 2007-199653 A
[0115]

Specific exanples of the crosslinker include

crosslinkers described in paragraphs [0055] to [0060] of
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JP 2007-199653 A.
[0116]

Wth the conposition for form ng an organic film of
t he present invention, a surfactant may be added to
further inprove the in-plane uniformty by spin-coating.
Specific exanples of the surfactant include surfactants
descri bed in paragraphs [0142] to [0147] in JP 2009-
269953 A.

[0117]

Wth the conposition for form ng an organic film of
t he present invention, a basic conpound to inprove
storage stability may be further added. The basic
conpound prevents proceedi ng of the crosslinking
reaction due to a small amount of an acid generated from
the acid generator, and plays a role of a quencher
agai nst the acid. Specific exanples of such a basic
conpound i ncl ude conpounds descri bed in paragraphs
[0086] to [0090] in JP 2007-199653 A.

[0118]

As above, the conposition for form ng an organic
filmof the present invention is the conposition for
form ng an organic film having excellent hunp inhibition
in the EBR process. Therefore, the conposition for
formng an organic filmof the present invention is
extrenely useful as a resist underlayer filmmateri al
for a multilayer resist process such as: a two-I|ayer
resi st process; a three-layer resist process using a
silicon-containing resist internediate filmor a
silicon-containing inorganic hard mask; and a four-|ayer
resi st process using a silicon-containing resist
intermediate filmor a silicon-containing inorganic hard
mask, and an organic anti-reflection filmor an adhesion
film
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[0119]
Met hod for Form ng Organic Film

The present invention provides a nmethod for forn ng
an organic filmused in a sem conductor device
manuf acturi ng process, the method conprising steps of:
appl ying the above conposition for form ng an organic
filmof the present invention on a substrate to be
processed by spin-coating; and heat-treating the
substrate coated with the conposition for formng an
organic filmat a tenperature of 100°C or higher and
600°C or lower within a range of 10 seconds to 600
seconds for formng a cured film
[0120]

In this method for form ng an organic film the
above conposition for formng an organic film of the
present invention is firstly applied rotationally on the
substrate to be processed (spin-coating). Use of the
spin-coating nethod can yield a good filling
characteristics. After the coating on the edge is
renmoved in the EBR process, baking (thermal treatnent)
is performed in order to pronote the crosslinking
reaction. This baking can evaporate the solvent in the
conposition, and thereby can prevent m xi ng even when
the resist upper layer filmor the silicon-containing
resist internediate filmis formed on the organic film
[0121]

The baking is perforned at a tenperature of 100°C
or higher and 600°C or |ower within a range of 10 to 600
seconds, and preferably perforned at a tenperature of
200°C or higher and 500°C or lower within a range of 10
to 300 seconds. W th considering effects on device
damage and waf er deformation, an upper limt of the

heating tenperature in the wafer process with
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l'i thography is preferably 600°C or | ower, and nore
preferably 500°C or Iower. The thermal treatnent under
such conditions can pronmote the crosslinking reaction to
forman organic filmw thout mxing with the filmto be
formed above.

[0122]

Patterning Process

Three- Layer Resist Process using Silicon-Containing

Resi st Internediate Film

The present invention provides a patterning process
conprising steps of: formng an organic filmon a body
to be processed by using the aforenenti oned conposition
for formng an organic film of the present invention;
formng a resist internediate filmon the organic film
by using a resist internediate filmmaterial containing
a silicon atom formng a resist upper layer filmon the
resist internediate filmby using a resist upper |ayer
filmmaterial conposed of a photoresist conposition;
formng a circuit pattern in the resist upper |ayer
film transferring the pattern to the resi st
intermediate filmby etching while using the circuit-
patterned resi st upper |layer filmas a nask;
transferring the pattern to the organic film by etching
while using the patterned resist internediate filmas a
mask; and transferring the pattern to the body to be
processed by etching while using the patterned organic
filmas a mask.

[0123]

As the body to be processed, a sem conductor device
substrate, or a substrate in which any of a netal film
a netal carbide film a netal oxide film a neta
nitride film a nmetal oxycarbide film and a neta

oxynitride filmis formed on the sem conductor device
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substrate is preferably used. More specifically, a
substrate such as Si, a-Si, p-Si, SIi®, SIN, SiON, W
TiN, and Al; a substrate in which the above netal film
etc. is formed on the substrate as a |l ayer to be
processed; etc. are used, but not particularly limted
t hereto.

[ 0124]

As the layer to be processed, various lowk filns
such as Si, SI®, SION, SiN, p-Si, a-Si, W WSi, A,
Cu, and Al -Si, and stopper filnms thereof are used. The
| ayer to be processed can be formed to have a thickness
of typically 50 to 10,000 nm and particularly 100 to
5,000 nm \When the layer to be processed is forned, the
substrate and the layer to be processed having different
materials are used.

[ 0125]

A nmetal to constitute the body to be processed is
preferably silicon, titanium tungsten, hafnium
zirconium chrom um germani um copper, silver, gold,
alum num indium gallium arsenic, palladium iron
tantalum iridium nolybdenum or an alloy thereof.
[0126]

When the organic filmis formed on the body to be
processed by using the conposition for form ng an
organic filmof the present invention, the above nethod
for formng an organic filmof the present invention is
appl i ed.

[0127]

Then, the resist internediate film(silicon-
containing resist intermediate film is formed on the
organic filmby using the resist internediate film
material containing a silicon atom As the resist

internediate filmmmaterial containing a silicon atom a
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pol ysi | oxane-based internediate filmmaterial is
preferable. Inparting an anti-reflective effect to the
silicon-containing resist internediate film can inhibit
reflection. In particular, using a material for 193-nm
exposure containing a |large anount of aromatic groups
and having high etching selectivity to the substrate as
t he conposition for formng an organic filmincreases
the k-value to increase reflection on the substrate.
However, the silicon-containing resist internediate film
havi ng the absorption so as to have an appropriate k-
value can inhibit the reflection, resulting in the
substrate reflection of 0.5% or |less. Preferably used
for the silicon-containing resist internmediate film
having the anti-reflective effect are anthracene for
248-nm or 157-nm exposure, and a pol ysil oxane
crosslinkable with an acid or heat for 193-nm exposure.
The polysiloxane has a |ight absorption group having a
phenyl group or silicon-silicon bond at the pendant
structure.

[ 0128]

Then, the resist upper layer filmis fornmed on the
resist internediate filmby using the resist upper |ayer
filmmaterial conposed of the photoresist conposition.
The resist upper layer filmmaterial may be any of
positive-type or negative-type, and a materi al sanme as
conmmonly used phot oresi st conmpositions may be used.
After the resist upper layer filmmterial is applied by
spin-coating, the pre-baking is preferably perforned
within a range at 60 to 180°C for 10 to 300 seconds.
Thereafter, the exposure, then post exposure bake (PEB),
and devel opnment are performed in accordance with a
conmon nethod to obtain the resist upper |ayer film

pattern. A thickness of the resist upper layer filmis
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not particularly limted, and preferably 30 to 500 nm
particularly preferably 50 to 400 nm
[0129]

Then, the circuit pattern (resist upper layer film
pattern) is fornmed in the resist upper layer film The
circuit pattern is preferably formed by |ithography
using light having a wavel ength of 10 nm or | onger and
300 nm or shorter, direct witing with el ectron beam
nanoi nprinting, or a conbination thereof.

[ 0130]

Exanpl es of the exposure light include high-energy
ray having a wavel ength of 300 nm or shorter, and
specifically, far ultraviolet ray, KrF excimer |aser
l'ight (248 nm), ArF excinmer laser light (193 nm, F
exci mer |aser light (157 nm, Kr2 laser light (146 nm,
Ar, laser light (126 nm), soft X-ray with 3 to 20 nm
(EWV), electron beam (EB), ion beam and X-ray.

[0131]

The circuit pattern is preferably developed with
al kal i ne devel opnment or an organic sol vent.
[0132]

Then, the pattern is transferred to the resist
intermediate filmby etching while using the circuit-
patterned resist upper layer filmas a mask. The
etching of the resist internmediate filmwhile using the
resi st upper layer filmpattern as a mask is preferably
perfornmed by using a fluorocarbon-based gas. This
etching forms the silicon-containing resist intermediate
film pattern.

[0133]

Then, the pattern is transferred to the organic
filmby etching while using the patterned resi st
intermediate filmas a nmask. Since the silicon-
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containing resist intermediate filmhas etching

resi stance agai nst oxygen gas or hydrogen gas, the
etching of the organic filmwhile using the silicon-
containing resist intermediate filmpattern as a mask is
preferably performed by using an etching gas mainly
conposed of oxygen gas or hydrogen gas. This etching
forms the organic film pattern.

[ 0134]

Then, the pattern is transferred to the body to be
processed by etching while using the patterned organic
filmas a mask. The subsequent etching of the body to
be processed (layer to be processed) may be perforned by
a comon nmet hod. For exanple, when the body to be
processed is Si O-based, SiN-based, or silica-based | ow
di el ectric-constant insulative film the etching is
perfornmed mainly using a fluorocarbon-based gas. Wen
t he body to be processed is p-Si, A, or W the etching
is performed mainly using a chlorine-based or broni ne-
based gas. When the substrate is processed by etching
usi ng the fluorocarbon-based gas, the silicon-containing
resist internediate filmpattern is simnultaneously
renoved with the substrate processing. Meanwhile, when
the substrate is processed by etching using the
chl ori ne-based or brom ne-based gas, dry-etching renoval
using the fluorocarbon-based gas is required to be
separately perfornmed after the substrate processing in
order to renmove the silicon-containing resist
intermediate film pattern.

[ 0135]

The organic film obtained by using the conposition
for formng an organic filmof the present invention has
excell ent etching resistance during the above etching of

t he body to be processed.
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[ 0136]
Four - Layer Resi st Process using Silicon-Containing
Resist Internediate Film and Organic Anti-Reflection
Filmor Adhesion Film

I n addition, the present invention provides a
patterni ng process conprising steps of: formng an
organic filmon a body to be processed by using the
af orementi oned conposition for form ng an organic film
of the present invention; formng a resist internedi ate
filmon the organic filmby using a resist internediate
filmmterial containing a silicon atom form ng an
organic anti-reflection filmor an adhesion filmon the
resist internediate film formng a resist upper |ayer
filmon the organic anti-reflection filmor the adhesion
filmby using a resist upper layer filmmateri al
conposed of a photoresist conmposition; formng a circuit
pattern in the resist upper layer film transferring the
pattern to the organic anti-reflection filmor the
adhesion film and the resist internediate film by
etching while using the circuit-patterned resist upper
| ayer filmas a mask; transferring the pattern to the
organic filmby etching while using the patterned resist
intermediate filmas a mask; and transferring the
pattern to the body to be processed by etching while
using the patterned organic filmas a mask.
[0137]

This method can be perforned in the same manner as
t he above three-|layer resist process using the silicon-
containing resist internmediate film except that the
organic anti-reflective film (BARC) or the adhesive film
is formed between the resist internediate film and the
resi st upper layer film
[ 0138]
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The organic anti-reflective filmand the adhesive
filmmy be forned with spin-coating by using a known
organic anti-reflective filmmmaterial or adhesion film
mat eri al .

[0139]
Three- Layer Resist Process using |Inorganic Hard Mask

I n addition, the present invention provides, as a
patterni ng process with a three-resist process using the
af orenmenti oned conposition for formng an organic film
of the present invention, a patterning process
conprising steps of: formng an organic filmon a body
to be processed by using the aforenenti oned conposition
for formng an organic film of the present invention;
form ng an inorganic hard mask selected froma silicon
oxide film a silicon nitride film and a silicon
oxynitride filmon the organic film form ng a resist
upper layer filmon the inorganic hard mask by using a
resi st upper layer filmmterial conposed of a
phot oresi st conposition; formng a circuit pattern in
the resist upper layer film transferring the pattern to
t he inorganic hard mask by etching while using the
circuit-patterned resist upper layer filmas a mask;
transferring the pattern to the organic film by etching
whil e using the patterned inorganic hard mask as a nask;
and transferring the pattern to the body to be processed
by etching while using the patterned organic filmas a
mask.

[ 0140]

This method can be perforned in the same manner as
t he above three-|layer resist process using the silicon-
containing resist internediate film except that the
i norgani ¢ hard mask is formed on the organic film

i nstead of the resist internediate film
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[ 0141]

The inorganic hard mask selected froma silicon
oxide film a silicon nitride film and a silicon
oxynitride film(SiON film can be formed by a CVD
met hod, an ALD nethod, etc. The nethod for form ng the
silicon nitride filmis described in, for exanple, JP
2002- 334869 A, WO 2004/ 066377, etc. A filmthickness of
t he inorganic hard mask is preferably 5 to 200 nm and
nore preferably 10 to 100 nm As the inorganic hard
mask, the SION film which is highly effective as the
anti-reflective film is nost preferably used.

[0142]
Four - Layer Resi st Process using Inorganic Hard Mask, and
Organic Anti-Reflection Filmor Adhesion Film

I n addition, the present invention provides, as a
patterni ng process with a four-resist process using the
af orementi oned conposition for form ng an organic film
of the present invention, patterning process conprising
steps of: formng an organic filmon a body to be
processed by using the aforenentioned conposition for
form ng an organic filmof the present invention;
form ng an inorganic hard nmask selected froma silicon
oxide film a silicon nitride film and a silicon
oxynitride filmon the organic film form ng an organic
anti-reflection filmor an adhesion filmon the
i norgani ¢ hard mask; formng a resist upper layer film
on the organic anti-reflection filmor the adhesion film
by using a resist upper layer filmmaterial conposed of
a photoresist conposition; formng a circuit pattern in
the resist upper layer film transferring the pattern to
the organic anti-reflection filmor the adhesion film
and the inorganic hard mask by etching while using the

circuit-patterned resist upper layer filmas a mask;
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transferring the pattern to the organic film by etching
whil e using the patterned inorganic hard mask as a mask
and transferring the pattern to the body to be processed
by etching while using the patterned organic filmas a
mask.

[ 0143]

This method can be perforned in the same manner as
t he above three-layer resist process using the inorganic
hard mask except that the organic anti-reflective film
(BARC) or the adhesive filmis fornmed between the
I norgani ¢ hard mask and the resist upper |layer film
[ 0144]

In particular, when the SSON filmis used as the
I norgani ¢ hard mask, the reflection can be inhibited by
the two anti-reflective film of the SiON film and the
BARC even with the i mersion exposure having high NA of
nore than 1.0. Another nerit of form ng the BARC is an
ef fect of reducing bottom footing of the resist upper
| ayer filmpattern just on the SIiON film
[ 0145]

Here, an exanple of the patterning process of the
present invention with the three-|layer resist process is
described in FIGS. 3(A) to (F). 1In the three-Ilayer
resi st process, as illustrated in FIG 3(A), an organic
film3 is formed on a layer 2 to be processed formed on
a substrate 1 by using the conposition for form ng an
organic filmof the present invention, then a silicon-
containing resist internediate film4 is formed, and a
resi st upper layer film5 is formed thereon. Then, as
illustrated in FIG 3(B), an exposure portion 6 in the
resi st upper layer filmb5 is exposed, and post exposure
baking (PEB) is perfornmed. Thereafter, as illustrated
in FIG 3(C), developnment is performed to forma resist
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upper |ayer filmpattern 5a. Subsequently, as
illustrated in FIG 3(D), the silicon-containing resist
intermediate film4 is processed by dry etching by using
a fluorocarbon-based gas while using the resist upper

| ayer filmpattern 5a as a mask to forma silicon-
containing resist internmediate film pattern 4a. Then,

as illustrated in FIG 3(E), the resist upper layer film
pattern 5a is renoved, and then the organic film3 is
etched with oxygen plasma while using the silicon-
containing resist intermediate film pattern 4a as a nmask
to forman organic filmpattern 3a. Furthernore, as
illustrated FIG 3(F), the silicon-containing resist
intermediate film pattern 4a is renoved, and then the

| ayer 2 to be processed is processed by etching while
using the organic filmpattern 3a as a nmask to forma
pattern 2a. Inhibition of hunps in form ng the organic
filmcan reduce defects derived fromthe hunps in the
organic filmand generated in the dry-etching processing
in FIGS. (D), (E), and (F).

[ 0146]

When the inorganic hard mask is formed, the
silicon-containing resist internediate film4 is replace
with the inorganic hard mask. When the BARC or the
adhesive filmis formed, the BARC or the adhesive film
I's formed between the silicon-containing resist
intermediate film4 and the resist upper layer filmb5.
The BARC may be subsequently etched prior to the etching
of the silicon-containing resist internmediate film 4.
Alternatively, only the BARC may be etched, and then the
et ching apparatus may be changed, etc. to etch the
silicon-containing resist internediate film 4.

[0147]
As above, the patterning process of the present
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I nvention can forma fine pattern in the body to be
processed with high accuracy using the nultilayer resist
process, and can inhibit formation of hunps in the
organic filmto reduce defects derived fromthe hunps in
the organic film

EXAMPLE
[ 0148]

Herei nafter, the present invention will be
descri bed further specifically with showi ng Synthesis
Exanpl es, Conparative Synthesis Exanpl es, Exanples, and
Conpar ati ve Exanples, but the present invention is not
limted by these exanpl es.

Mol ecul ar wei ghts were neasured by the follow ng
specific method. Determ ned were a wei ght-average
nol ecul ar wei ght (Mwv) and a nunber-average nol ecul ar
wei ght (M) in ternms of polystyrene by gel perneation
chromat ography (GPC) with tetrahydrofuran as an el uent
(solvent), and a dispersion degree (Mw VMn) was
det er m ned.

[ 0149]
Preparation of Polyners (A-1 to 24 and a-1 to 10)

For synthesizing polynmers (A-1) to (A-24) and
conparative polymers (a-1) to (a-10) used in preparation
of conpositions for formng an organic film nononers
(B-1) to (B-6), (C1) to (C8), (D1), and (E-1) to (E-

3) described bel ow were used.
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[ S 1
L‘?Fz FsC” “CFs
CFa CF CF
e CFa o2 o2
FZ(—lj FZC/ F»>C CFs F.C
| |
FaC ,:zc‘; CF3 (B-4) (B2) g
CFs “CFs Clle
CF,
(B-1) (B-2) (B-3) FaC
(B-6)

(D-1)

(E-1) E2)
[ 0150]

Synt hesi s Exanple 1: Synthesis of Polynmer (A-1)
Under a nitrogen atnosphere, 6.0 g of propyl ene
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gl ycol nononet hyl ether acetate (PGVEA) was heated and
stirred at 80°C. Into this, 3.18 g (0.010 nol) of (B-1),
7.74 g (0.035 nmol) of (C-1), and a m xture of 0.473 g of
di met hyl 2, 2-azobi s(2-nmethyl propi onate) and 34 g of
PGVEA wer e added dropw se over 4 hours. The reaction

m xture was further heated and stirred for 16 hours, and
then cooled to roomtenperature to obtain a PGVEA
solution of a target polyner (A-1). The analysis
denonstrated that the polynmer (A-1) had a wei ght-average
nol ecul ar wei ght (Mwv) of 6,900 and a di spersion degree
(MM Mn) of 1.4.

/(,fzz 78
O—+CH

o "0

CF5
<
FoC

|
FaC,y_
OFs (A1)

[ 0151]
Synt hesis Exanples 2 to 34: Synthesis of Polyners (A-2)
to (A-24) and Conparative Polyners (a-1) to (a-10)

Pol yners (A-2) to (A-24) and conparative polyners
(a-1) to (a-10) shown bel ow were obtai ned as products by
a nethod according to Synthesis Exanple 1 except that a
type and nol e proportion of the used raw materi al

nmononmers were changed for structure of each polyner.
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Shown are a wei ght-average nol ecul ar

wei ght (Mwn) and

di spersi on degree (M~ M) determ ned by GPC, and a
fluorine content calculated fromthe raw materi a

monomer s and t he

The above polyners were al

[0152]

ir

bl endi ng rati o.

random copol yners.
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[ 0153]

The (a-1) to (a-5) are the conparative polyners
because the fluorine content is out of the range from
Table 1. The (a-6) to (a-10) are the conparative
pol yners because a structural unit different fromthe
formula (11) or the forrmula (111) is contained.

0" o o/\/ojLCHﬁ 00 o o/\/o‘> 3 oS0 0P o0 ﬁ—CHj 0o o o/\/ojLCH3
\ ¥ ? 3 H 13

Ry g

FQ(‘Z F;(f FQ(‘Z Fz(‘:
F.C FaC Fal FyC

\(:y:3 \CF:,, \CF:,, \CF3

(a-1) (a-2) (a-3) (a-4)
0% o7 o " ZCHE 00 0¥ o 0 0T o )O\ o 07 o~
H % FoC )\CFa FoC7 T CF,
“Fa CFs a7 (a-8)

Fc” Fe” (a-7)

\ \

CFy (3-5) Fy C\CF

3
(a-8)
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[ 0154]

[ Tabl e 1-1]
Synt hesi s Exanpl e Pol yner Mwv Mn/ Vh Fluorine —content
(mass%
Synt hesi s Exanple 1 (A1) 6900 1.4 16%
Synt hesi s Exanple 2 (A-2) 8000 1.3 15%
Synt hesi s Exanple 3 (A-3) 8200 1.2 15%
Synt hesi s Exanple 4 (A-4) 8100 1.3 10%
Synt hesi s Exanple 5 (A-5) 8500 1.3 14%
Synt hesi s Exanple 6 (A-6) 7200 1.2 10%
Synt hesi s Exanple 7 (A7) 8500 1.2 16%
Synt hesi s Exanple 8 (A-8) 8100 1.2 10%
Synt hesi s Exanple 9 (A-9) 8400 1.3 7%
Synt hesi s Exanple 10 |[(A-10) 9900 1.4 5%
Synt hesi s Exanple 11 |(A-11) 9100 1.3 7%
Synt hesi s Exanple 12 |(A-12) 9200 1.3 9%
Synt hesi s Exanple 13 |[(A-13) 8300 1.3 12%
Synt hesi s Exanple 14 |(A-14) 5600 1.3 10%
Synt hesi s Exanple 15 |[(A-15) 6400 1.5 11%
Synt hesi s Exanple 16 |[(A-16) 7700 1.1 12%
Synt hesi s Exanple 17 |(A-17) 8500 1.3 13%
Synt hesi s Exanple 18 |(A-18) 7900 1.3 14%
Synt hesi s Exanple 19 |(A-19) 8100 1.3 10%
Synt hesi s Exanple 20 |[(A-20) 7200 1.2 15%
Synt hesi s Exanple 21 |(A-21) 7300 1.4 15%
Synt hesi s Exanple 22 |(A-22) 7900 1.3 15%
Synt hesi s Exanple 23 |(A-23) 8300 1.3 16%
Synt hesi s Exanple 24 |(A-24) 7500 1.2 10%
Synt hesi s Exanple 25 |[(a-1) 9500 1.2 17%
Synt hesi s Exanple 26 |[(a-2) 6700 1.1 4%
Synt hesi s Exanple 27 |[(a-3) 8200 1.3 20%
Synt hesi s Exanple 28 |[(a-4) 7100 1.2 4%
Synt hesi s Exanple 29 |[(a-5) 8400 1.4 18%
Synt hesi s Exanple 30 |[(a-6) 5800 1.4 11%
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[ 0155]

[ Tabl e 1-2]

Synt hesi s Exanpl e Pol yner Mv Mn Vh F:T::;L;e content
Synthesis Exanple 31 |(a-7) 6200 1.3 40%

Synt hesi s Exanple 32 |(a-8) 5900 1.3 14%

Synthesis Exanple 33 [(a-9) 8300 1.3 27%

Synt hesi s Exanple 34 |(a-10) 3800 1.4 14%

[ 0156]

Resins for Form ng Organic Film

F-1: Resin represented by the following fornula (F-1)
F-2: Resin represented by the following fornula (F-2)
F-3: Resin represented by the following fornula (F-3)
F-4. Resin represented by the following fornula (F-4)
F-5: Resin represented by the following fornula (F-5)
F-6: Resin represented by the following fornula (F-6)
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[ 0158]

(F—6)

[ 0159]

Sol vent

G 1: Propylene glycol nononethyl ether acetate

G 2: Propyl ene glycol nonoethyl ether

[ 0160]

Preparation of Conpositions for Form ng Organic Film
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(UDL-1 to 102 and Conparative UDL-1 to 33
The polynmers (A-1) to (A-24) and (a-1) to (a-10),

and the resins for formng an organic film (F-1) to (F-

6) were dissolved in the solvents at

Table 2,
filter

a ratio shown

in

and the solution was filtered with a 0.l1l-um

made of a fluororesin to prepare each of organic

filmmterials (UDL-1 to 102 and Conparative UDL-1 to

33).
These organic filmconpositions all contained
random copol yners.
[ Tabl e 2-1]
Conposi ti on S?Z;Ei cf ?: | r;or M NG| po ymer Sol vent 1 Sol vent 2
Lot 'form o arts by parts by parts by parts by
organte fiim Type IPTHSS Type mass Type mass Type nmass
UDL- 1 (F-1) 10. 00 (A1) 0. 10 G 1 39. 90
UDL- 2 (F-1) 10. 00 (A-2) 0. 10 G 1 89. 90
UDL- 3 (F-1) 10. 00 (A-3) 0. 10 G 1 39. 90
UDL- 4 (F-1) 10. 00 (A-4) 0. 10 G 1 89. 90
UDL- 5 (F-1) 10. 00 (A-5) 0. 10 G 1 39. 90
UDL- 6 (F-1) 10. 00 (A-6) 0. 10 G 1 89. 90
UDL- 7 (F-1) 10. 00 (A7) 0. 10 G 1 39. 90
UDL- 8 (F-1) 10. 00 (A-8) 0. 10 G 1 39. 90
UDL- 9 (F-1) 10. 00 (A-9) 0. 10 G 1 89. 90
UDL- 10 (F-1) 10. 00 (A-10) 0. 10 G 1 39. 90
UDL- 11 (F-1) 10. 00 (A-11) 0. 10 G 1 39. 90
UDL- 12 (F-1) 10. 00 (A-12) 0. 10 G 1 39. 90
UDL- 13 (F-1) 10. 00 (A-13) 0. 10 G 1 89. 90
UDL- 14 (F-1) 10. 00 (A-14) 0. 10 G 1 39. 90
UDL- 15 (F-1) 10. 00 (A-15) 0. 10 G 1 39. 90
UDL- 16 (F-1) 10. 00 (A-16) 0. 10 G 1 39. 90
UDL- 17 (F-1) 10. 00 (A-17) 0. 10 G 1 39. 90
UDL- 18 (F-1) 10. 00 (A-18) 0. 10 G 1 89. 90
UDL- 19 (F-1) 10. 00 (A-19) 0. 10 G 1 39. 90
UDL- 20 (F-1) 10. 00 (A-20) 0. 10 G 1 89. 90
UDL- 21 (F-1) 10. 00 (A-21) 0. 10 G 1 39. 90
UDL- 22 (F-1) 10. 00 (A-22) 0. 10 G 1 89. 90
UDL- 23 (F-1) 10. 00 (A-23) 0. 10 G 1 39. 90
UDL- 24 (F-1) 10. 00 (A-24) 0. 10 G 1 89. 90
UDL- 25 (F-1) 10. 00 (A-4) 0. 10 G 1 62. 93 G 2 6. 97
UDL- 26 (F-1) 10. 00 (A-6) 0. 10 G 1 62. 93 G2 D6. 97
UDL- 27 (F-1) 10. 00 (A-8) 0. 10 G 1 62. 93 G 2 6. 97
UDL- 28 (F-1) 10. 00 (A-12) 0. 10 G 1 62. 93 G 2 6. 97
UDL- 29 (F-1) 10. 00 (A-13) 0. 10 G 1 62. 93 G2 D6. 97
UDL- 30 (F-1) 10. 00 (A-14) 0. 10 G 1 62. 93 G 2 6. 97
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[0161]

[ Tabl e 2-2]

Conposi ti on S?Z;Ei cf ?: | r;or M NG| po ymer Sol vent 1 Sol vent 2

Lot 'form o arts by parts by parts by parts by
organte film Type Prass Type mess Type nmess Type mass
UDL- 31 (F-1) 10. 00 (A-15) 0. 10 G 1 62. 93 G 2 P6. 97
UDL- 32 (F-1) 10. 00 (A-16) 0. 10 G 1 62. 93 G 2 P6. 97
UDL- 33 (F-1) 10. 00 (A-17) 0. 10 G 1 62. 93 G 2 P6. 97
UDL- 34 (F-1) 10. 00 (A-21) 0. 10 G 1 62. 93 G 2 P6. 97
UDL- 35 (F-1) 10. 00 (A-22) 0. 10 G 1 62. 93 G 2 P6. 97
UDL- 36 (F-1) 10. 00 (A-4) 1.00 G 1 89. 00

uDL- 37 (F-1) 10. 00 (A-4) 0. 50 G 1 89. 50

UDL- 38 (F-1) 10. 000 (A-4) 0. 001 G 1 89. 999

UDL- 39 (F-2) 10. 00 (A-4) 0. 10 G 1 89. 90

UDL- 40 (F-2) 10. 00 (A-6) 0. 10 G 1 89. 90

UDL- 41 (F-2) 10. 00 (A-8) 0. 10 G 1 89. 90

UDL- 42 (F-2) 10. 00 (A-12) 0. 10 G 1 89. 90

UDL- 43 (F-2) 10. 00 (A-13) 0. 10 G 1 89. 90

UDL- 44 (F-2) 10. 00 (A-14) 0. 10 G 1 89. 90

UDL- 45 (F-2) 10. 00 (A-15) 0. 10 G 1 89. 90

UDL- 46 (F-2) 10. 00 (A-16) 0. 10 G 1 89. 90

UDL- 47 (F-2) 10. 00 (A-21) 0. 10 G 1 89. 90

UDL- 48 (F-2) 10. 00 (A-22) 0. 10 G 1 89. 90

UDL- 49 (F-3) 10. 00 (A-4) 0. 10 G 1 89. 90

UDL- 50 (F-3) 10. 00 (A-6) 0. 10 G 1 89. 90

UDL- 51 (F-3) 10. 00 (A-8) 0. 10 G 1 89. 90

UDL- 52 (F-3) 10. 00 (A-12) 0. 10 G 1 89. 90

UDL- 53 (F-3) 10. 00 (A-13) 0. 10 G 1 89. 90

UDL- 54 (F-3) 10. 00 (A-14) 0. 10 G 1 89. 90

UDL- 55 (F-3) 10. 00 (A-15) 0. 10 G 1 89. 90

UDL- 56 (F-3) 10. 00 (A-16) 0. 10 G 1 89. 90

UDL- 57 (F-3) 10. 00 (A-21) 0. 10 G 1 89. 90

UDL- 58 (F-3) 10. 00 (A-22) 0. 10 G 1 89. 90

UDL- 59 (F-4) 10. 00 (A-4) 0. 10 G 1 89. 90

UDL- 60 (F-4) 10. 00 (A-6) 0. 10 G 1 89. 90
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[0162]

[ Tabl e 2-3]

Conposi ti on S?Z;Ei cf ?: | r;or M NG| po ymer Sol vent 1 Sol vent 2
Lot 'form o arts by parts by parts by parts by
organte film Type Prass Type mess Type nmess Type mass
UDL- 61 (F-4) 10. 00 (A-8) 0. 10 G 1 89. 90
UDL- 62 (F-4) 10. 00 (A-12) 0. 10 G 1 89. 90
UDL- 63 (F-4) 10. 00 (A-13) 0. 10 G 1 89. 90
UDL- 64 (F-4) 10. 00 (A-14) 0. 10 G 1 89. 90
UDL- 65 (F-4) 10. 00 (A-15) 0. 10 G 1 89. 90
UDL- 66 (F-4) 10. 00 (A-16) 0. 10 G 1 89. 90
UDL- 67 (F-4) 10. 00 (A-21) 0. 10 G 1 89. 90
UDL- 68 (F-4) 10. 00 (A-22) 0. 10 G 1 89. 90
UDL- 69 (F-5) 10. 00 (A-4) 0. 10 G 1 89. 90
UDL- 70 (F-5) 10. 00 (A-6) 0. 10 G 1 89. 90
UDL- 71 (F-5) 10. 00 (A-8) 0. 10 G 1 89. 90
UDL- 72 (F-5) 10. 00 (A-12) 0. 10 G 1 89. 90
uDL- 73 (F-4) 10. 00 (A-13) 0. 10 G 1 89. 90
UDL- 74 (F-4) 10. 00 (A-14) 0. 10 G 1 89. 90
UDL- 75 (F-5) 10. 00 (A-15) 0. 10 G 1 39. 90
UDL- 76 (F-5) 10. 00 (A-16) 0. 10 G 1 89. 90
uDL- 77 (F-5) 10. 00 (A-21) 0. 10 G 1 89. 90
UDL- 78 (F-5) 10. 00 (A-22) 0. 10 G 1 89. 90
uDL- 79 (F-6) 10. 00 (A-4) 0. 10 G 1 89. 90
UDL- 80 (F-6) 10. 00 (A-6) 0. 10 G 1 89. 90
UDL- 81 (F-6) 10. 00 (A-8) 0. 10 G 1 89. 90
UDL- 82 (F-6) 10. 00 (A-12) 0. 10 G 1 89. 90
UDL- 83 (F-6) 10. 00 (A-13) 0. 10 G 1 89. 90
UDL- 84 (F-6) 10. 00 (A-14) 0. 10 G 1 89. 90
UDL- 85 (F-6) 10. 00 (A-15) 0. 10 G 1 89. 90
UDL- 86 (F-6) 10. 00 (A-16) 0. 10 G 1 89. 90
UDL- 87 (F-6) 10. 00 (A-21) 0. 10 G 1 89. 90
UDL- 88 (F-6) 10. 00 (A-22) 0. 10 G 1 89. 90
UDL- 89 (F-1) 25.00 (A-4) 0. 25 G 1 74. 75
UDL- 90 (F-1) 25.00 (A-6) 0. 25 G 1 74. 75
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[ 0163]

[ Tabl e 2-4]
o Resin for formng

Conposi ti on g ganic film Pol yrer Sol vent 1 Sol vent 2
for formng

i i arts b arts b arts b arts b
organic film Type 2355 y Type Fnass y Type 2355 y Type Fnass y
UDL- 91 (F-1) 25.00 (A-8) 0. 25 G 1 74. 75
UDL- 92 (F-1) 25.00 (A-12) 0. 25 G 1 74. 75
UDL- 93 (F-1) 25.00 (A-13) 0. 25 G 1 74. 75
UDL- 94 (F-1) 25.00 (A-14) 0. 25 G 1 74. 75
UDL- 95 (F-1) 25.00 (A-15) 0. 25 G 1 74. 75
UDL- 96 (F-1) 25.00 (A-16) 0. 25 G 1 74. 75
UDL- 97 (F-1) 25.00 (A-21) 0. 25 G 1 74. 75
UDL- 98 (F-1) 25.00 (A-22) 0. 25 G 1 74. 75
UDL- 99 (F-1) 25.00 (A-4) 2. 50 G 1 72. 50
UDL- 100 (F-1) 25.00 (A-4) 1.25 G 1 73. 75
UDL- 101 (F-1) 25. 000 (A-4) 0. 003 G 1 74. 998
UDL- 102 (F-1) 40. 00 (A-4) 0. 40 G 1 59. 60
Conpar ati ve
UDL- 1 (F-1) 10. 00 (a-1) 0.10 G1 89. 90
Conparative
UDL- 2 (F-2) 10. 00 (a-1) 0.10 G1 89. 90
Conparative
UDL- 3 (F-3) 10. 00 (a-1) 0.10 G1 89. 90
Conpar ati ve
UDL- 4 (F-4) 10. 00 (a-1) 0.10 G1 89. 90
Conpar ati ve
UDL- 5 (F-5) 10. 00 (a-1) 0.10 G1 89. 90
Conparative
UDL- 6 (F-6) 10. 00 (a-1) 0.10 G1 89. 90
Conparative
UDL- 7 (F-1) 10. 00 (a-2) 0.10 G1 89. 90
Conpar ati ve
UDL- 8 (F-1) 10. 00 (a-3) 0.10 G1 89. 90
Conpar ati ve
UDL- 9 (F-1) 10. 00 (a-4) 0.10 G1 89. 90
Conparative
UDL- 10 (F-1) 10. 00 (a-5) 0.10 G1 89. 90
Conparative
UDL- 11 (F-1) 10. 00 (a-6) 0.10 G1 89. 90
Conpar ati ve
UDL- 12 (F-1) 10. 00 (a-7) 0.10 G1 89. 90
Conpar ati ve
UDL- 13 (F-1) 10. 00 (a-8) 0.10 G1 89. 90
Conparati ve
UDL- 14 (F-1) 10. 00 (a-9) 0.10 G1 89. 90
Conparati ve
UDL- 15 (F-1) 10. 00 G1 90. 00
Conpar ati ve
UDL- 16 (F-2) 10. 00 G1 90. 00
Conpar ati ve
UDL- 17 (F-3) 10. 00 G1 90. 00
Conparative
UDL- 18 (F-4) 10. 00 G1 90. 00
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[ 0164]

[ Tabl e 2-5]

Conposi ti on cI?resi n f?!’l form ng Pol yrrer Sol vent 1 Sol vent 2
for formng game 17 M

organic film|yne ﬁg;tss bY 1y pe 2:;;5 bY |1y pe ﬁg;tss DYl 1ype ﬁg;tss by
comparative | (g s) 10. 00 G1 90. 00

UooDLn?g(r)at ive (F-6) 10. 00 G1 90. 00

L TP Py [P PPPR Pra—
e (Y 25.00  |(a-1) 0.25 |61 475

comparative (k2 fs.00 a1 fo2s o1 74.75

A () 25.00  |(a-1) 0.25 |61 475

Somarative \p4y  ls00  [(a-1) o255 |61 74.75

L e P [T PR PR i
i () 25.00  |(a-1) 0.25 |61 475

L TP P [P PR PR i
S () 25.00  |(a-10)  [0.25  |G1 475

ot (R feso0 far10)  fozs |61 7475

R 25.00  |(a-10)  [0.25  |G1 475

el ({0 B CER U (ES O N (AP C N (1 7475

ot (e [0 far10)  fozs |61 7475

[0165]

Production of Silicon Wafer with Fornmed Organi c Cured
Fil musing Conposition for Form ng Organic Film (UDL-1
to 102 and Conparative UDL-1 to 33)

By using a coater/devel oper “CLEAN TRACK LI THI US
Pro AP’, manufactured by Tokyo El ectron Ltd., 2 nL of
t he conposition for formng an organic film (UDL-1 to
102 and Conparative UDL-1 to 33) prepared above was
di scharged at a center of a silicon wafer, baked, and
then rotated and spread at a rotation speed for an
average thickness shown in Table 3 to form a coated

silicon wafer. While this silicon wafer was rotated at

a speed of 1000 rpm and while a removing liquid (a m xed
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l'i quid of propylene glycol mononethyl ether acetate and
propyl ene glycol nonomethyl ether (30:70 at nmass ratio))
was di scharged at a di scharge anmpbunt of 2 nL/s, a
removi ng-1i qui d-di schargi ng nozzl e was noved from an
outer periphery toward a position with 3 mrmfromthe
center of the silicon wafer to at a speed of 5 nm's, and
the renmoving liquid was further discharged at this
position at a discharge amount of 2 mL/s for 5 seconds.
Thereafter, discharge of the discharging liquid was
stopped, and the silicon wafer was further rotated at a
speed of 1000 rpm for 30 seconds. Then, the silicon
waf er coated by using the conmposition for form ng an
organic filmwas heated at 350°C for 60 seconds to obtain
a silicon wafer on which the organic cured film was
formed.
[0166]
Eval uati on of Sol vent Resistance: Exanples 1-1 to 1-102
and Conparative Exanples 1-1 to 1-33

The conposition for formng an organic film (UDL-1
to 102 and Conparative UDL 1-1 to 1-33) was filmfornmed
on a silicon wafer by the above method, the film
t hi ckness was neasured, PGVEA sol vent was di spensed
t hereon, left for 30 seconds, spin-dried, baked at 100°C
for 60 seconds to evaporate PGVEA, and the film
t hi ckness was neasured. The filmthickness before
di spensi ng the PGVEA sol vent was specified as X and the
filmthickness after dispensing the PGVEA sol vent was
specified as X;, and an absol ute val ue of a val ue
determ ned by (Xi-X)/ Xx100 was specified and shown in
Table 3 as a result of a filmthickness change rate (%.
A case where the filmthickness change rate was | ess
than 0.5% was eval uated as “Good”, and a case of 0.5% or

nmore was eval uated as “Poor”.
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[0167]
Eval uation of In-Plane Uniformty: Exanples 1-1 to 1-102
and Conparative Exanples 1-1 to 1-33

The conposition for formng an organic film (UDL-1
to 102 and Conparative UDL 1-1 to 1-33) was filmfornmed
on a silicon wafer by the above nmethod. Thicknesses
within a range froma center to 145 mmin di ameter of
the organic cured filmwere nmeasured, and a val ue
determ ned by (Xwax - Xnin)/ Xaverage, Wherein Xmx Was a
maxi mum val ue of the filmthickness, Xsn was a m ni num
value of the filmthickness, and Xaverage Was an aver age
of the filmthickness, was specified and shown in Table
3 as a result of in-plane uniformty (%9. A case where
the in-plane uniformty was | ess than 2% was eval uat ed
as A (Good), a case of 2% or nore and | ess than 3% was
eval uated as B, and a case of 3% or nore was eval uated
as C (Poor).
[0168]
Eval uati on of Storage Stability at Low Tenperature:
Exanples 1-1 to 1-102 and Conparative Exanples 1-1 to 1-
33

The conposition for formng an organic film (UDL-1
to 102 and Conparative UDL 1-1 to 1-33) was stored in a
freezer set at -20°C for one week. A case where a
precipitate was not generated was eval uated as “Good”,
and a case where a precipitate was generated was

eval uated as “Poor”. Table 3 shows the results.
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[ 0169]

[ Tabl e 3-1]
Composi t .On Average fil m|Sol vent I n-pl ane St orggg
for formng stability at

organic film

t hi ckness

resi stance

uniformty

| ow t enperature

Exanple 1-1 |UDL-1 500 nm Good A CGood
Exanpl e 1-2 |UDL-2 500 nm Good A CGood
Exanpl e 1-3 |UDL-3 500 nm Good A CGood
Exanpl e 1-4 |UDL-4 500 nm Good A CGood
Exanpl e 1-5 |UDL-5 500 nm Good A CGood
Exanpl e 1-6 |UDL-6 500 nm Good A Good
Exanple 1-7 |UDL-7 500 nm Good A CGood
Exanpl e 1-8 |UDL-8 500 nm Good A CGood
Exanpl e 1-9 |UDL-9 500 nm Good A CGood
Exanpl e 1-10 |UDL-10 500 nm Good B Good
Exanpl e 1-11 |UDL-11 500 nm Good A Poor
Exanpl e 1-12 |UDL-12 500 nm Good A CGood
Exanpl e 1-13 |UDL-13 500 nm Good A Good
Exanpl e 1-14 |UDL- 14 500 nm Good A CGood
Exanpl e 1-15 |UDL- 15 500 nm Good A CGood
Exanpl e 1-16 |UDL-16 500 nm Good A Good
Exanpl e 1-17 |UDL-17 500 nm Good A CGood
Exanpl e 1-18 |UDL-18 500 nm Good A Good
Exanpl e 1-19 |UDL-19 500 nm Good A Good
Exanpl e 1-20 |UDL- 20 500 nm Good B CGood
Exanpl e 1-21 |UDL-21 500 nm Good B Good
Exanpl e 1-22 |UDL- 22 500 nm Good B CGood
Exanpl e 1-23 |UDL-23 500 nm Good B Good
Exanpl e 1-24 |UDL- 24 500 nm Good B Good
Exanpl e 1-25 |UDL- 25 500 nm Good A CGood
Exanpl e 1-26 |UDL- 26 500 nm Good A Good
Exanpl e 1-27 |UDL- 27 500 nm Good A CGood
Exanpl e 1-28 |UDL- 28 500 nm Good A CGood
Exanpl e 1-29 |UDL- 29 500 nm Good A Good
Exanpl e 1-30 |UDL- 30 500 nm Good A CGood
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[0170]

[ Tabl e 3-2]
Conposi ti 9” Average fil m/Sol vent I n-pl ane St orggg
for formng stability at

organic film

t hi ckness

resi st ance

uniformty

| ow tenperature

Exanpl e 1-31 |[UDL-31 500 nm Good A Good
Exanpl e 1-32 |UDL- 32 500 nm Good A Good
Exanpl e 1-33 |UDL- 33 500 nm Good A Good
Exanpl e 1-34 |UDL- 34 500 nm Good B Good
Exanpl e 1-35 |[UDL- 35 500 nm Good B Good
Exanpl e 1-36 |UDL- 36 500 nm Good B Good
Exanpl e 1-37 |UDL- 37 500 nm Good A Good
Exanpl e 1-38 |UDL- 38 500 nm Good B Good
Exanpl e 1-39 |[UDL- 39 500 nm Good A Good
Exanpl e 1-40 |[UDL-40 500 nm Good A Good
Exanpl e 1-41 |[UDL-41 500 nm Good A Good
Exanpl e 1-42 |[UDL-42 500 nm Good A Good
Exanpl e 1-43 |UDL-43 500 nm Good A Good
Exanpl e 1-44 |UDL-44 500 nm Good A Good
Exanpl e 1-45 |UDL-45 500 nm Good A Good
Exanpl e 1-46 |[UDL-46 500 nm Good A Good
Exanpl e 1-47 |UDL-47 500 nm Good B Good
Exanpl e 1-48 |UDL-48 500 nm Good B Good
Exanpl e 1-49 |[UDL-49 500 nm Good A Good
Exanpl e 1-50 |[UDL-50 500 nm Good A Good
Exanpl e 1-51 |[UDL-51 500 nm Good A Good
Exanpl e 1-52 |[UDL-52 500 nm Good A Good
Exanpl e 1-53 |UDL-53 500 nm Good A Good
Exanpl e 1-54 |UDL- 54 500 nm Good A Good
Exanpl e 1-55 |[UDL- 55 500 nm Good A Good
Exanpl e 1-56 |[UDL-56 500 nm Good A Good
Exanpl e 1-57 |UDL-57 500 nm Good B Good
Exanpl e 1-58 |[UDL-58 500 nm Good B Good
Exanpl e 1-59 |[UDL-59 500 nm Good A Good
Exanpl e 1-60 |[UDL-60 500 nm Good A Good
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[0171]

[ Tabl e 3- 3]

Conposi ti .on Average fil m[Sol vent I n- pl ane St orggg

for formng], | . . . . stability at

or gani ¢ filmthlckness resi stance uniformty | ow t emper at ur e
Exanpl e 1-61 [UDL-61 500 nm CGood A Good
Exanpl e 1-62 [UDL-62 500 nm CGood A Good
Exanpl e 1-63 [UDL-63 500 nm CGood A Good
Exanpl e 1-64 |UDL-64 500 nm CGood A Good
Exanpl e 1-65 [UDL-65 500 nm CGood A Good
Exanpl e 1-66 [UDL-66 500 nm CGood A Good
Exanpl e 1-67 [UDL-67 500 nm CGood B Good
Exanpl e 1-68 [UDL-68 500 nm CGood B Good
Exanpl e 1-69 [UDL-69 500 nm CGood A Good
Exanpl e 1-70 [UDL-70 500 nm CGood A Good
Exanmpl e 1-71 [UDL-71 500 nm CGood A Good
Exanpl e 1-72 [UDL-72 500 nm CGood A Good
Exanpl e 1-73 [UDL-73 500 nm CGood A Good
Exanpl e 1-74 |UDL-74 500 nm CGood A Good
Exanpl e 1-75 [UDL-75 500 nm CGood A Good
Exanpl e 1-76 [UDL-76 500 nm CGood A Good
Exanpl e 1-77 |UDL-77 500 nm CGood B Good
Exanpl e 1-78 [UDL-78 500 nm CGood B Good
Exanpl e 1-79 [UDL-79 500 nm CGood A Good
Exanpl e 1-80 [UDL-80 500 nm CGood A Good
Exanpl e 1-81 [UDL-81 500 nm CGood A Good
Exanpl e 1-82 [UDL-82 500 nm CGood A Good
Exanpl e 1-83 [UDL-83 500 nm CGood A Good
Exanpl e 1-84 |UDL-84 500 nm CGood A Good
Exanpl e 1-85 [UDL-85 500 nm CGood A Good
Exanpl e 1-86 |[UDL-86 500 nm CGood A Good
Exanpl e 1-87 [UDL-87 500 nm CGood B Good
Exanpl e 1-88 [UDL-88 500 nm CGood B Good
Exanpl e 1-89 [UDL-89 1000 nm CGood A Good
Exanpl e 1-90 [UDL-90 1000 nm CGood A Good
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[0172]

[ Tabl e 3-4]
Conposi ti _On Average fil m[Sol vent I n- pl ane St orjag.e
for formng|, . . . . stability at
. . t hi ckness resistance |uniformty
organic film | ow t enperature
Exanmple 1-91 |UDL-91 1000 nm Good A Good
Exanpl e 1-92 |UDL-92 1000 nm Good A Good
Exanpl e 1-93 (UDL-93 1000 nm Good A Good
Exanpl e 1-94 (UDL-94 1000 nm Good A Good
Exanpl e 1-95 ([UDL-95 1000 nm Good A Good
Exanpl e 1-96 [UDL-96 1000 nm Good A Good
Exanpl e 1-97 |UDL-97 1000 nm Good B Good
Exanpl e 1-98 (UDL-98 1000 nm Good B Good
Exanpl e 1-99 |UDL-99 1000 nm Good B Good
Exanpl e 1-100 [UDL- 100 1000 nm Good A Good
Exanpl e 1-101 (UDL- 101 1000 nm Good B Good
Exanpl e 1-102 [UDL- 102 2000 nm Good B Good
Conparati ve Conpar ati ve
Exanpl e 1-1 UDL- 1 500 nm Good A Good
Conparative Conparative
Exanpl e 1-2 UDL- 2 500 nm Good A Good
Conparati ve Conpar ati ve
Exanpl e 1-3 UDL- 3 500 nm Good A Good
Conparative Conparati ve
Exanpl e 1-4 UDL- 4 500 nm Good A CGood
Conpar ati ve Conpar ati ve
Exanpl e 1-5 UDL- 5 500 nm Good A Good
Conparative Conparati ve
Exanpl e 1-6 UDL- 6 500 nm Good A CGood
Conpar ati ve Conpar ati ve
Exanpl e 1-7 UDL- 7 500 nm Good C Good
Conparative Conparative
Exanpl e 1-8 UDL- 8 500 nm Good A CGood
Conparati ve Conpar ati ve
Exanpl e 1-9 UDL- 9 500 nm Good C Good
Conparati ve Conpar ati ve
Exanple 1-10 |UDL- 10 500 nm Good A Cood
Conparative Conparati ve
Exanple 1-11 |UDL-11 500 nm Good A CGood
Conparati ve Conpar ati ve
Exanple 1-12 |UDL- 12 500 nm Good A Good
Conparative Conparati ve 500 nm Good A Good
Exanpl e 1-13 (UDL-13
Conparati ve Conpar ati ve
Exanple 1-14 |UDL- 14 500 nm Good A Good
Conparative Conparati ve 500 nm Good c Good
Exanpl e 1-15 |UDL-15
Conpar ati ve Conpar ati ve
Exanple 1-16 |UDL- 16 500 nm Good C Good
Conparative Conparati ve 500 nm Good c Good
Exanpl e 1-17 |UDL-17
Conparati ve Conpar ati ve
Exanple 1-18 |UDL-18 500 nm Good C Good
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[0173]

[ Tabl e 3-5]
fog:rpoiiotrir::g Avgrage filmSol yent | n- pl ane iZL?Ig?t y at
organic film t hi ckness resi st ance uniformty | ow t enper at ur e

Exogp”;[ 2" ilYEQ Sou_nt)i;at 'Y€ 1500 nm Good c Good

Exogp”;[ 2" i1Y§0 Sou_nt)ggat 'Y€ 1500 nm Good c Good

Exogp”;[ 2" i1Y§l Sou_”Pgrlat 'Ve 1500 nm Cood A Good

Exogpnglr:t I1\/22 Sou_nt):rza“ve 1000 nm Good A Good

Exogpnglr:t I1\/23 Sou_nt):;a“ve 1000 nm Good A Good

Exogpnglr Zu i1Y§4 Sou_nt):;a“ve 1000 nm Good A Good

Exogpnglr:t I1\/25 SounP:rsative 1000 nm Good A Good

Exogpnglr:t i1Y§6 Sou_nt):;a“ve 1000 nm Good A Good

Exogpnglr:t I1\/27 Sou_nt):;a“ve 1000 nm Good A Good

Exogpnglr:t i1Y§8 Sou_nt):;a“ve 1000 nm Good A Good

Exogpnglr:t i1Y§9 Sou_nt):;a“ve 1000 nm Good A Good

Exogpnglr:t i1Y§0 Sounngative 1000 nm Good A Good

Exogpnglr:t I1\/21 Sounszative 1000 nm Good A Good

Exogpnglr:t I1\/22 Sounngative 1000 nm Good A Good

Exogpnglr:t I1\/23 SounPgéative 1000 nm Good A Good

[0174]

Eval uation of Hunp Inhibition Property: Exanples 2-1 to
2-102 and Conparative Exanples 2-1 to 2-25

The conposition for

to 102 and Conparative UDL-1 to 6,

to 33) was filmformed on a silicon wafer

met hod,

and change i n height

formng an organic film (UDL-1
10 to 14,
by the above

and 21

of the organic filmfrom an

outer peripheral edge to a position of 1000 um toward a

center

direction of the silicon wafer

was neasured by

usi ng Al pha-Step D600 (contact-type profiler),

manuf act ured by KLA- TENCOR Cor por ati on.
of the silicon wafer

| evel
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where a maxi mrum hei ght was | ess than 110% of the film
thickness as illustrated in FIG 2 was evaluated as A
(Good), a case where the maxi mum hei ght was 110% or nore
and | ess than 150% was eval uated as B, and a case where
a region with the maxi nrum hei ght of 150% or nore was
generated as in FIG 1 was evaluated as C (Poor). Table
4 shows the results.
[0175]
Filling Evaluation 1: Exanples 2-1 to 2-102 and
Conpar ative Exanples 2-1 to 2-25

On a SiO, wafer substrate having a dense hole
pattern (hole diameter: 0.2 um, hole depth: 1.0 um, and
di stance between centers of adjacent two holes: 0.4 um
as illustrated in FIG 4, the conposition for form ng an
organic film (UDL-1 to 102 and Conparative UDL-1 to 6,
8, 10 to 14, and 21 to 33) was filmformed by the above
method to forma resist underlayer film8. The used
substrate was a base substrate (Si O wafer substrate) 7
havi ng the dense hole pattern as illustrated in FIG
4(G (overhead view) and FIG 4(H) (sectional view). A
sectional shape of the obtained each wafer substrate was
observed by using a scanning el ectron m croscope (SEM
to check whether a void was absent inside the holes and
the holes were filled with the resist underlayer film
If a resist underlayer filmmterial having poor filling
characteristics is used, voids are generated inside the
hol es. When a resist underlayer film material having
good filling characteristics is used, voids are absent
inside the holes as illustrated in FIG 4(1) and the
holes were filled with the resist underlayer filmin
this evaluation. A case where no void was generated was
eval uated as “Good”, and a case where a void was

gener ated was eval uated as “Poor”.
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[0176]
Filling Evaluation 2: Exanples 2-1 to 2-102 and
Conpar ative Exanples 2-1 to 2-25

On a SIiO, wafer substrate having a dense hole
pattern (hole diameter: 0.2 um, hole depth: 2.0 um, and
di stance between centers of adjacent two holes: 0.4 um
as illustrated in FIG 4, the conposition for form ng an
organic film (UDL-1 to 102 and Conparative UDL-1 to 6,
8, 10 to 14, and 21 to 33) was filmformed by the above
method to forma resist underlayer film8. The used
substrate was a base substrate (Si O wafer substrate) 7
havi ng the dense hole pattern as illustrated in FIG.
4(G (overhead view) and FIG 4(H) (sectional view). A
sectional shape of the obtained each wafer substrate was
observed by using a scanning electron m croscope (SEM
to check whether a void was absent inside the holes and
was filled with the resist underlayer film |[If a resist
underl ayer film material having poor filling
characteristics is used, voids are generated inside the
hol es. When a resist underlayer filmmaterial having

good filling characteristics is used, voids are absent
inside the holes as illustrated in FIG 4(1) and the
holes were filled with the resist underlayer filmin

this evaluation. A case where no void was generated was
eval uated as “Good”, and a case where a void was
generated was eval uated as “Poor”. When the proportion
of the resin for formng an organic filmrelative to the
conposition for formng an organic filmwas small to be
insufficient amount of the resin for filling the hole

portions, filmformation failure occurred.
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[0177]

[ Tabl e 4-1]

Conposi tion for |Eval uati on of hunmp |Eval uation of filling|Evaluation of filling

form ng organic filmfinhibition property characteristics 1 characteristics 2
Exanple 2-1 UDL- 1 B Cood Filmformation failure
Exanpl e 2-2 UDL- 2 B Cood Filmformation failure
Exanpl e 2-3 UDL- 3 B Cood Filmformation failure
Exanpl e 2-4 UDL- 4 A Cood Filmformation failure
Exanpl e 2-5 UDL- 5 A Good Filmformation failure
Exanpl e 2-6 UDL- 6 A Good Filmformation failure
Exanple 2-7 UDL- 7 B Good Filmformation failure
Exanpl e 2-8 UDL- 8 A Good Filmformation failure
Exanpl e 2-9 UDL- 9 A Good Filmformation failure
Exanpl e 2-10 |UDL-10 A Cood Filmformation failure
Exanpl e 2-11 |UDL-11 A Cood Filmformation failure
Exanpl e 2-12 |UDL-12 A Cood Filmformation failure
Exanpl e 2-13 |UDL-13 A Cood Filmformation failure
Exanpl e 2-14 (UDL-14 A Good Filmformation failure
Exanpl e 2-15 |[UDL-15 A Good Filmformation failure
Exanpl e 2-16 |UDL-16 A Good Filmformation failure
Exanpl e 2-17 (UDL-17 A Good Filmformation failure
Exanpl e 2-18 |[UDL-18 A Good Filmformation failure
Exanpl e 2-19 |UDL-19 A Cood Filmformation failure
Exanpl e 2-20 |UDL-20 B Cood Filmformation failure
Exanpl e 2-21 |UDL-21 B Cood Filmformation failure
Exanpl e 2-22 |UDL-22 B Cood Filmformation failure
Exanpl e 2-23 [UDL-23 B Good Filmformation failure
Exanpl e 2-24 (UDL-24 B Good Filmformation failure
Exanpl e 2-25 |[UDL- 25 A Good Filmformation failure
Exanpl e 2-26 |UDL-26 A Good Filmformation failure
Exanpl e 2-27 |UDL-27 A Good Filmformation failure
Exanpl e 2-28 |UDL-28 A Cood Filmformation failure
Exanpl e 2-29 |UDL-29 A Cood Filmformation failure
Exanpl e 2-30 |UDL-30 A Cood Filmformation failure
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[0178]

[ Tabl e 4-2]

Conposi tion for [Eval uati on of hunp |[Eval uation of filling|Evaluation of filling

formng organic fil m|inhibition property characteristics 1 characteristics 2
Exanpl e 2-31 |UDL-31 A Good Filmformation failure
Exanpl e 2-32 |UDL-32 A Good Filmformation failure
Exanpl e 2-33 |UDL-33 A Good Filmformation failure
Exanpl e 2-34 |UDL-34 B Good Filmformation failure
Exanpl e 2-35 |UDL-35 B Good Filmformation failure
Exanpl e 2-36 |UDL-36 A Good Filmformation failure
Exanpl e 2-37 |UDL-37 A Good Filmformation failure
Exanpl e 2-38 |UDL-38 A Good Filmformation failure
Exanpl e 2-39 |UDL-39 A Good Filmformation failure
Exanpl e 2-40 |UDL-40 A Good Filmformation failure
Exanpl e 2-41 |UDL-41 A Good Filmformation failure
Exanpl e 2-42 |UDL-42 A Good Filmformation failure
Exanpl e 2-43 |UDL-43 A Good Filmformation failure
Exanpl e 2-44 |UDL-44 A Good Filmformation failure
Exanpl e 2-45 |UDL-45 A Good Filmformation failure
Exanpl e 2-46 |UDL-46 A Good Filmformation failure
Exanpl e 2-47 |UDL-47 B Good Filmformation failure
Exanpl e 2-48 |UDL-48 B Good Filmformation failure
Exanpl e 2-49 |UDL-49 A Good Filmformation failure
Exanpl e 2-50 |UDL-50 A Good Filmformation failure
Exanpl e 2-51 |UDL-51 A Good Filmformation failure
Exanpl e 2-52 |UDL-52 A Good Filmformation failure
Exanpl e 2-53 |UDL-53 A Good Filmformation failure
Exanpl e 2-54 |UDL-54 A Good Filmformation failure
Exanpl e 2-55 |UDL-55 A Good Filmformation failure
Exanpl e 2-56 |UDL-56 A Good Filmformation failure
Exanpl e 2-57 |UDL-57 B Good Filmformation failure
Exanpl e 2-58 |UDL-58 B Good Filmformation failure
Exanpl e 2-59 |UDL-59 A Good Filmformation failure
Exanpl e 2-60 |UDL-60 A Good Filmformation failure

112




[0179]

[ Tabl e 4- 3]

Conposi tion for |Eval uation of hunp|Eval uation of filling|Evaluation of filling

forming organic film [inhibition property characteristics 1 characteristics 2
Exanpl e 2-61 UDL- 61 A Cood Filmformation failure
Exanpl e 2-62 UDL- 62 A Cood Filmformation failure
Exanpl e 2-63 UDL- 63 A Good Filmformation failure
Exanpl e 2-64 UDL- 64 A Good Filmformation failure
Exanpl e 2-65 UDL- 65 A Cood Filmformation failure
Exanpl e 2-66 UDL- 66 A Good Filmformation failure
Exanpl e 2-67 UDL- 67 B Good Filmformation failure
Exanpl e 2-68 UDL- 68 B Cood Filmformation failure
Exanpl e 2-69 UDL- 69 A Cood Filmformation failure
Exanpl e 2-70 UDL- 70 A Good Filmformation failure
Exanple 2-71 uDL- 71 A Good Filmformation failure
Exanple 2-72 UDL- 72 A Cood Filmformation failure
Exanple 2-73 UDL- 73 A Cood Filmformation failure
Exanpl e 2-74 uDL- 74 A Good Filmformation failure
Exanple 2-75 UDL- 75 A Cood Filmformation failure
Exanple 2-76 UDL- 76 A Cood Filmformation failure
Exanpl e 2-77 upL- 77 B Good Filmformation failure
Exanpl e 2-78 UDL- 78 B Good Filmformation failure
Exanple 2-79 UDL- 79 A Cood Filmformation failure
Exanpl e 2-80 UDL- 80 A Cood Filmformation failure
Exanpl e 2-81 UDL- 81 A Good Filmformation failure
Exanpl e 2-82 UDL- 82 A Cood Filmformation failure
Exanpl e 2-83 UDL- 83 A Cood Filmformation failure
Exanpl e 2-84 UDL- 84 A Good Filmformation failure
Exanpl e 2-85 UDL- 85 A Good Filmformation failure
Exanpl e 2-86 UDL- 86 A Cood Filmformation failure
Exanpl e 2-87 UDL- 87 B Cood Filmformation failure
Exanpl e 2-88 UDL- 88 B Good Filmformation failure
Exanpl e 2-89 UDL- 89 A Good CGood
Exanpl e 2-90 UDL- 90 A Cood Good
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[ 0180]

[ Tabl e 4-4]

Conposition for
formng organic film

Eval uati on of hunp
inhibition property

Eval uation of filling
characteristics 1

Eval uation of
characteristics 2

filling

Exanpl e 2-91 UDL- 91 A Good Good

Exanpl e 2-92 UDL- 92 A Good Good

Exanpl e 2-93 UDL- 93 A Good Poor

Exanple 2-94 UDL- 94 A Good Good

Exanpl e 2-95 UDL- 95 A Good Good

Exanpl e 2-96 UDL- 96 A Good Good

Exanpl e 2-97 UDL- 97 B Good Poor

Exanpl e 2-98 UDL- 98 B Good Poor

Exanpl e 2-99 UDL- 99 A Good Poor

Exanpl e 2-100 UDL- 100 A Cood Good

Exanpl e 2-101 UDL- 101 A Good Good

Exanpl e 2-102 UDL- 102 A Good Good

Conparative . ) . .
Exanpl e 2-1 Conparative UDL-1 C Poor Filmformation failure
Conparative . i . )
Exanpl e 2-2 Conparative UDL-2 C Poor Filmformation failure
Conparative . i . )
Exanpl e 2-3 Conparative UDL-3 C Poor Filmformation failure
Conparative . i . )
Exanpl e 2-4 Conparative UDL-4 C Poor Filmformation failure
Conparative . i . )
Exanpl e 2-5 Conparative UDL-5 C Poor Filmformation failure
Conparative . - _ -
Exanpl e 2-6 Conparati ve UDL-6 C Poor Filmformation failure
Conparative . ) _ )
Exanpl e 2-7 Conparative UDL-8 C Poor Filmformation failure
Conparative . ) _ )
Exanpl e 2-8 Conparati ve UDL-10 C Poor Filmformation failure
Conparative . _ . -
Exanpl e 2-9 Conparative UDL-11 C Poor Filmformation failure
Conparative . _ . -
Exanpl e 2-10 Conparative UDL-12 C Poor Filmformation failure
Conparative . . . )
Exampl e 2-11 Conpar ative UDL-13 C Poor Filmformation failure
Conparative . . . -
Exampl e 2-12 Conpar ative UDL-14 C Poor Filmformation failure
Conparative . . . -
Exanpl e 2-13 Conpar ative UDL-21 A Poor Filmformation failure
Conparative .

Exanpl e 2-14 Conpar ati ve UDL-22 C Poor Poor

Conparative .

Exanpl e 2-15 Conpar ati ve UDL-23 C Poor Poor

Conparative )

Exanpl e 2-16 Conpar ati ve UDL-24 C Poor Poor

Conparative )

Exanpl e 2-17 Conpar ative UDL-25 C Poor Poor

Conparative )

Exanpl e 2-18 Conpar ative UDL-26 C Poor Poor
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[ 0181]

[ Tabl e 4-5]
Conposi tion for |Eval uation  of hunp [Eval uation of filling|Evaluation of filling
forming organic film |inhibition property characteristics 1 characteristics 2

g:gpn_zlr :t ;Yig Conpar ative UDL-27 C Poor Poor

Exozpnzlr :t iZYZO Conpar ati ve UDL-28 A Poor Poor

Exozpnzlr :t ;YZl Conpar ative UDL-29 A Poor Poor

Exozpnzlr :t iZYZZ Conpar ati ve UDL-30 A Poor Poor

Exozpn;: :t iZY(ZEZ% Conparative UDL-31 A Poor Poor

(;an;; :t i2Y:4 Conparative UDL-32 A Poor Poor

g:gpn_zlr :t iZYES Conpar ative UDL-33 A Poor Poor

[ 0182]

As shown in Tables 3-1 to 3-5 and Tables 4-1 to 4-
5 it was confirmed that the conposition for formng an
organic filmof the present invention (UDL-1 to 102) had
excel l ent solvent resistance, in-plane uniformty, hunmp
I nhibition property, and filling characteristics
conpared with Conparative Exanpl es.
[ 0183]
Patterning Test: Exanples 3-1 to 3-88

An organic cured filmwas formed on a Si O, wafer
substrate by using the conposition for form ng an
organic film (UDL-1 to 88) by the above nethod, the
follow ng silicon-containing resist intermediate film
material (SOG 1) was applied thereon, and the film was
baked at 200°C for 60 seconds to forma silicon-
containing resist internediate filmwith 35 nmin film
t hi ckness. The followi ng single |ayer resist for ArF
was applied thereon as a resist upper |layer film
material, and baked at 105°C for 60 seconds to forma
photoresist filmwth 100 nmin filmthickness. The
follow ng i mersion protective filmmaterial (TC 1) was
applied on the photoresist film and baked at 90°C for 60
seconds to forma protective filmwith 50 nmin film

t hi ckness.
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[ 0184]
A 2% solution of the follow ng polymer in propylene
et hyl ether was prepared as the silicon-

(SOG 1).

gl ycol

containing resist internmediate film mteri al

[ 0185]

The resist upper layer filmmterial (single |ayer

resist for ArF) was prepared by: dissolving a polyner
(RP 1), (PAG 1),
(Am ne 1) containing 0.1 mass% of FC-430
(manuf actured by Sumtono 3MLimted.) at

an aci d generator and a basic conmpound
In a solvent
a proportion

shown in Table 5; and filtering the solution with a 0. 1-

um filter nade of a fluororesin.
[ Tabl e 5]
Pol ynmer Aci d generator Basi ¢ conpound Sol vent
(parts by mass) | (parts by mass) | (parts by mass) | (parts by nass)

Si ngl e-1 ayer RP 1 PAG 1 Amine 1 PGVEA
resist for ArF (100) (6.6) (0.8) (2500)
[ 0186]

The polymer (RP 1), the acid generator (PAG 1), and

t he basic conmpound (Am ne 1) are shown bel ow.
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CFsCF JOF 3R 50,

Paist Aminet

[0187]
The i mrersion protective filmmaterial (TC-1) was

prepared by: dissolving a polymer (PP 1) in an organic
solvent at a proportion shown in Table 6; and filtering
the solution with a 0.1-umfilter made of a fl uororesin.
[ Tabl e 6]

Pol yrer Organi ¢ sol vent
(parts by nass) (parts by nass)
TG 1 PP 1 Di i soanyl ether (2700)
(100) 2- Met hyl - 1- but anol (270)
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[0188]
The polymer (PP 1) is shown bel ow.

PP1
Mw3, 800 Mw/Mn1.69

[0189]

Then, the film was exposed with an ArF i mmersion
exposure device (manufactured by N KON CORPORATI ON; NSR-
S610C, NA 1.30, o 0.98/0.65, 35°dipole s-polarized
illum nation, 6% hal ftone phase-shifting mask), baked at
100°C for 60 seconds (PEB), and devel oped with a 2.38
mass% aqueous sol ution of tetranethyl anmoni um hydr oxi de
(TMAH) for 30 seconds to obtain a positive |line-and-
space pattern of 1:1 with 55 nm (resist upper layer film
pattern).

[ 0190]
Then, while using the resist upper layer film
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pattern as a mask, the silicon-containing resist
intermediate filmwas processed by dry etching (pattern-
transferred) using an etching apparatus “Telius”,
manuf act ured by Tokyo El ectron Ltd. VWhile using the
obtained silicon-containing resist internediate film
pattern as a mask, the organic filmwas processed by dry
etching (pattern-transferred). Wile using the obtained
organic filmpattern as a mask, the Si O wafer substrate
(SiQ film was processed by dry etching (pattern-
transferred). The etching conditions were as foll ows.
[0191]
(Transferring Conditions of Resist Upper Layer Film
Pattern to Silicon-Containing Resist Internmediate Film

Chanber pressure: 10.0 Pa

RF power: 1,500 W

CFs gas flowrate: 75 nmi/m n.

O gas flow rate: 15 nmL/min.

Time: 15 sec.
[0192]
(Transferring Conditions of Silicon-Containing Resist
Internediate FilmPattern to Organic Film

Chamber pressure: 2.0 Pa

RF power: 500 W

Ar gas flow rate: 75 nmL/ m n.

O gas flow rate: 45 nlL/ m n.

Time: 120 sec.
[ 0193]
(Transferring Conditions of Organic FilmPattern to SIO
Waf er Substrate)

Chamber pressure: 2.0 Pa

RF power: 2,200 W

CsFi2 gas flow rate: 20 mbL/ mn.

CFs gas flow rate: 10 nmi/ m n.
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Ar gas flow rate: 300 nL/ m n.

O gas flow rate: 60 nL/nin.

Time: 90 sec.
[ 0194]

Tables 7-1 to 7-3 show the result of observing a

cross section of the obtained pattern with an el ectron

m croscope (S-4700), manufactured by Hitachi, Ltd.

[ Tabl e 7-1]
Conposi tion for |Shape after substrate
forming organic film |transfer etching

Exanpl e 3-1 UDL- 1 Good
Exanpl e 3-2 UDL- 2 Good
Exanpl e 3-3 UDL- 3 Good
Exampl e 3-4 UDL- 4 Good
Exanpl e 3-5 UDL- 5 Good
Exanpl e 3-6 UDL- 6 Good
Exanpl e 3-7 UDL- 7 Good
Exanpl e 3-8 UDL- 8 Good
Exanpl e 3-9 UDL-9 Good
Exanpl e 3-10 UDL- 10 Good
Exampl e 3-11 UDL- 11 Good
Exanmpl e 3-12 UDL- 12 Good
Exanpl e 3-13 UDL- 13 Good
Exanpl e 3-14 UDL- 14 Good
Exanpl e 3-15 UDL- 15 Good
Exanpl e 3-16 UDL- 16 Good
Exanpl e 3-17 UDL- 17 Good
Exanpl e 3-18 UDL- 18 Good
Exanpl e 3-19 UDL- 19 Good
Exanpl e 3-20 UDL- 20 Good
Exampl e 3-21 UDL- 21 Good
Exanpl e 3-22 UDL- 22 Good
Exanpl e 3-23 UDL- 23 Good
Exanpl e 3-24 UDL- 24 Good
Exanpl e 3-25 UDL- 25 Good
Exanpl e 3-26 UDL- 26 Good
Exanpl e 3-27 UDL- 27 Good
Exanpl e 3-28 UDL- 28 Good
Exanpl e 3-29 UDL- 29 Good
Exanpl e 3-30 UDL- 30 Good
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[ 0195]

[ Tabl e 7-2]
Conposi tion for |Shape after substrate
formng organic film |transfer etching

Exanpl e 3-31 UDL- 31 Good
Exanpl e 3-32 UDL- 32 Good
Exanpl e 3-33 UDL- 33 Good
Exanmpl e 3-34 UDL- 34 Good
Exanpl e 3-35 UDL- 35 Good
Exanpl e 3-36 UDL- 36 Good
Exanpl e 3-37 UDL- 37 Good
Exanpl e 3-38 UDL- 38 Good
Exanpl e 3-39 UDL- 39 Good
Exanpl e 3-40 UDL- 40 Good
Exanpl e 3-41 UDL- 41 Good
Exanpl e 3-42 UDL- 42 Good
Exanpl e 3-43 UDL- 43 Good
Exanpl e 3-44 UDL- 44 Good
Exanpl e 3-45 UDL- 45 Good
Exanpl e 3-46 UDL- 46 Good
Exanpl e 3-47 UDL- 47 Good
Exanpl e 3-48 UDL- 48 Good
Exanpl e 3-49 UDL- 49 Good
Exanpl e 3-50 UDL- 50 Good
Exanpl e 3-51 UDL- 51 Good
Exanpl e 3-52 UDL- 52 Good
Exanpl e 3-53 UDL- 53 Good
Exanpl e 3-54 UDL- 54 Good
Exanpl e 3-55 UDL- 55 Good
Exanpl e 3-56 UDL- 56 Good
Exanpl e 3-57 UDL- 57 Good
Exanpl e 3-58 UDL- 58 Good
Exanpl e 3-59 UDL- 59 Good
Exanpl e 3-60 UDL- 60 Good
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[ 0196]

[ Tabl e 7-3]
Conposi tion for |Shape after substrate
formng organic film |transfer etching

Exanpl e 3-61 UDL- 61 CGood
Exanpl e 3-62 UDL- 62 CGood
Exanpl e 3-63 UDL- 63 CGood
Exanpl e 3-64 UDL- 64 CGood
Exanpl e 3-65 UDL- 65 CGood
Exanpl e 3-66 UDL- 66 CGood
Exanpl e 3-67 UDL- 67 CGood
Exanpl e 3-68 UDL- 68 CGood
Exanpl e 3-69 UDL- 69 CGood
Exanpl e 3-70 UDL- 70 CGood
Exanmpl e 3-71 UDL- 71 CGood
Exanpl e 3-72 UDL- 72 CGood
Exanpl e 3-73 UDL- 73 CGood
Exanpl e 3-74 UDL- 74 CGood
Exanpl e 3-75 UDL- 75 CGood
Exanpl e 3-76 UDL- 76 CGood
Exanmpl e 3-77 UDL- 77 CGood
Exanpl e 3-78 UDL- 78 CGood
Exanpl e 3-79 UDL- 79 CGood
Exanpl e 3-80 UDL- 80 CGood
Exanpl e 3-81 UDL- 81 CGood
Exanpl e 3-82 UDL- 82 CGood
Exanpl e 3-83 UDL- 83 CGood
Exanpl e 3-84 UDL- 84 CGood
Exanpl e 3-85 UDL- 85 CGood
Exanpl e 3-86 UDL- 86 CGood
Exanpl e 3-87 UDL- 87 CGood
Exanpl e 3-88 UDL- 88 CGood
[ 0197]

As shown in Tables 7-1 to 7-3, all Exanples 3-1 to
3-88, which used the conposition for form ng an organic
filmof the present invention (UDL-1 to 88) favorably
and finally transferred the resist upper |ayer film
pattern to the Si O wafer substrate, and it was confirmed
that the conposition for formng an organic film of the
present invention was suitably used in fine patterning
with the nmultilayer resist nethod.
[ 0198]

From t he above, the conposition for formng an
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organic filmof the present invention has excellent
filmformability and high filling characteristics and
hump inhibition property, and is thereby extrenely
excellent as the organic filmmterial used in the
mul til ayer resist process. |In addition, the patterning
process of the present invention using this conposition
can fill holes and trenches having an extrenely high
aspect ratio without a void, can accurately forma fine
pattern, and can formthe organic filmwth inhibited
hunps. Therefore, sem conductor devices, etc. can be
efficiently manufactured.
[ 0199]

The present description includes the follow ng
enmbodi nent s.

[1]: A conposition for formng an organic film
conpri si ng:

a resin for formng an organic film

a polymer having a structural unit represented by
the follow ng general formula (1), and at | east one of a
structural unit represented by the follow ng genera
formula (11) and a structural unit represented by the
follow ng general fornmula (II1); and

a solvent, wherein

the structural unit represented by the foll ow ng
general formula (1), and at | east one of the structural
unit represented by the follow ng general fornmula (I1)
and the structural unit represented by the foll ow ng
general formula (111) forma random copol yner, and

t he polymer has a fluorine content of 5 mass% to 16
mass%
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R1
70 0 (1)

wherein R! represents a hydrogen atom or an al kyl
group having 1 to 20 carbon atons; and R2 represents an
organi c group having a fluorine atomand 1 to 20 carbon

atons, and havi ng no sul fonyl group and no am no group,

FQS

O o—(R“ o R5- o—}RB |
Mmoo (11

wherein R3 represents a hydrogen atom or an al kyl
group having 1 to 20 carbon atons; R* and R> each
represent a |inear or branched dival ent al kyl ene group
having 1 to 4 carbon atons; Ré represents a hydrogen
atom an al kyl group having 1 to 4 carbon atons, or a
phenyl group; ml represents 0 to 23; nl represents 0 to
23; and 23 2 ml+nl =2 2,
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R’ R8

07 0~{R-04{-R"0F0"0
m2 n2 (l I 1)

wherein R” and R8 represent a hydrogen atom or an
al kyl group having 1 to 20 carbon atons; R® and R!? each
represent a linear or branched dival ent al kyl ene group
having 1 to 4 carbon atons; n2 represents 0 to 23; n2
represents 0 to 23; and 23 2 m2+n2 2= 2.

[2] : The conposition for form ng an organic fil m of
t he above [1], wherein R2 in the structural unit
represented by the general forrmula (1) of the pol yner

has a structure represented by the follow ng genera

formula (1V) or (V),

=
| *
FoC
N
CF» BN
| CF,
_CFs |

F3C (1 V) CFs (v)

wherein “*” represents a bonding position.
[3]: The conposition for form ng an organic fil m of
t he above [1] or [2], wherein the resin for form ng an

organic filmis a resin having an aromatic skel eton.
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[4] : The conposition for form ng an organic fil m of
any one of the above [1] to [3], wherein a content of
the polymer is 0.01 part by mass to 5 parts by nmss
relative to 100 parts by mass of the resin for formng
an organic film

[5]: The conposition for formng an organic film of
any one of the above [1] to [4], wherein a content of
the resin for formng an organic filmis 10 parts by
mass to 40 parts by mass relative to 100 parts by mass
of the conmposition for formng an organic film

[6]: A method for formng an organic filmused in a
sem conductor devi ce manufacturing process, the nethod
conpri sing steps of:

applying the conposition for form ng an organic
filmof any one of the above [1] to [5] on a substrate
to be processed by spin-coating; and

heat-treating the substrate coated with the
conposition for formng an organic filmat a tenperature
of 100°C to 600°C within a range of 10 seconds to 600
seconds for formng a cured film

[7]: A patterning process, conprising steps of:

form ng an organic filmon a body to be processed
by using the conposition for form ng an organic film of
any one of the above [1] to [5];

formng a resist internediate filmon the organic
filmby using a resist internediate film materi al
containing a silicon atom

formng a resist upper layer filmon the resist
intermediate film by using a resist upper layer film
mat eri al conposed of a photoresist conposition;

forming a circuit pattern in the resist upper |ayer
film

transferring the pattern to the resist internediate
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filmby etching while using the circuit-patterned resi st
upper layer filmas a nask;

transferring the pattern to the organic film by
etching while using the patterned resist internediate
filmas a mask; and

transferring the pattern to the body to be
processed by etching while using the patterned organic
filmas a mask.

[8]: A patterning process, conprising steps of:

formng an organic filmon a body to be processed
by using the conposition for formng an organic film of
any one of the above [1] to [5];

forming a resist intermediate filmon the organic
filmby using a resist internediate filmmateri al
containing a silicon atom

form ng an organic anti-reflection filmor an
adhesion filmon the resist intermediate film

form ng a resist upper layer filmon the organic
anti-reflection filmor the adhesion film by using a
resi st upper layer filmmterial conposed of a
phot or esi st conposition;

forming a circuit pattern in the resist upper |ayer
film

transferring the pattern to the organic anti -
reflection filmor the adhesion film and the resi st
intermediate filmby etching while using the circuit-
patterned resi st upper |layer filmas a nask;

transferring the pattern to the organic film by
etching while using the patterned resist internediate
filmas a mask; and

transferring the pattern to the body to be
processed by etching while using the patterned organic
filmas a mask.
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[9]: A patterning process, conprising steps of:

form ng an organic filmon a body to be processed
by using the conposition for form ng an organic film of
any one of the above [1] to [5];

form ng an inorganic hard mask selected froma
silicon oxide film a silicon nitride film and a
silicon oxynitride filmon the organic film

form ng a resist upper layer filmon the inorganic
hard mask by using a resist upper |layer filmmterial
conposed of a photoresist conposition;

formng a circuit pattern in the resist upper |ayer
film

transferring the pattern to the inorganic hard nask
by etching while using the circuit-patterned resist
upper |ayer filmas a nask;

transferring the pattern to the organic film by
etching while using the patterned inorganic hard mask as
a mask; and

transferring the pattern to the body to be
processed by etching while using the patterned organic
filmas a mask.

[10]: A patterning process, conprising steps of:

form ng an organic filmon a body to be processed
by using the conposition for formng an organic film of
any one of the above [1] to [5];

form ng an inorganic hard nmask selected froma
silicon oxide film a silicon nitride film and a
silicon oxynitride filmon the organic film

formng an organic anti-reflection filmor an
adhesion filmon the inorganic hard mask;

form ng a resist upper layer filmon the organic
anti-reflection filmor the adhesion film by using a

resi st upper layer filmmterial conposed of a
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phot or esi st conposition;

forming a circuit pattern in the resist upper |ayer
film

transferring the pattern to the organic anti -
reflection filmor the adhesion film and the inorganic
hard mask by etching while using the circuit-patterned
resi st upper layer filmas a mask;

transferring the pattern to the organic film by
etching while using the patterned inorganic hard mask as
a mask; and

transferring the pattern to the body to be
processed by etching while using the patterned organic
filmas a mask.

[11] : The patterni ng process of the above [9] or
[10], wherein the inorganic hard mask is formed by a CVD
met hod or an ALD net hod.

[12]: The patterni ng process of any one of the
above [7] to [11], wherein the circuit pattern is fornmed
by a lithography using |ight having a wavel ength of 10
nmto 300 nm a direct witing with electron beam
nanoi nprinting, or a conbination thereof.

[ 13]: The patterning process of any one of the
above [7] to [12], wherein the circuit pattern is
devel oped with an al kali ne devel opnent or an organic
sol vent .

[ 14] . The patterni ng process of any one of the
above [7] to [13], wherein the body to be processed is a
sem conductor device substrate, or a substrate in which
any of a metal film a netal carbide film a netal oxide
film a netal nitride film a netal oxycarbide film and
a netal oxynitride filmis formed on the sem conduct or
devi ce substrate.

[ 15]: The patterni ng process of the above [14],
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wherein a netal to constitute the body to be processed
is silicon, titanium tungsten, hafnium zirconium
chrom um gernmani um copper, silver, gold, alum num

i ndium gallium arsenic, palladium iron, tantalum
iridium nolybdenum or an alloy thereof.

[ 0200]

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 sanme 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 M5

[Claim1]

A conposition for form ng an organic film
conpri si ng:

aresin for formng an organic film

a polymer having a structural unit represented by
the follow ng general formula (1), and at | east one of a
structural unit represented by the follow ng genera
formula (11) and a structural unit represented by the
foll ow ng general fornmula (Il1); and

a solvent, wherein

the structural unit represented by the foll ow ng
general formula (1), and at | east one of the structural
unit represented by the follow ng general fornula (I1)
and the structural unit represented by the foll ow ng
general formula (111) forma random copol yner, and

t he polymer has a fluorine content of 5 mass%to 16

mass%

R1

Rg_o O (I)

wherein R! represents a hydrogen atom or an al kyl
group having 1 to 20 carbon atons; and R2 represents an
organi c group having a fluorine atomand 1 to 20 carbon

atonms, and havi ng no sul fonyl group and no am no group,
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FQS

O o—(R“ o R5- o—}RB |
Mmoo (11

wherein R3 represents a hydrogen atom or an al kyl
group having 1 to 20 carbon atons; R* and R> each
represent a |inear or branched dival ent al kyl ene group
having 1 to 4 carbon atons; RS represents a hydrogen
atom an al kyl group having 1 to 4 carbon atons, or a
phenyl group; ml represents 0 to 23; nl represents 0 to
23; and 23 2 ml+nl = 2,

R’ R8

0 o—ERg—o};ﬁRm-o}nzo 0 S

wherein R’ and R® represent a hydrogen atom or an
al kyl group having 1 to 20 carbon atonms; R® and R!? each
represent a linear or branched dival ent al kyl ene group
having 1 to 4 carbon atons; n2 represents 0 to 23; n2

represents 0 to 23; and 23 2 m2+n2 2 2.

[ Claim 2]
The conposition for formng an organic film
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according to claiml1l, wherein R2 in the structural unit
represented by the general forrmula (1) of the pol yner

has a structure represented by the follow ng genera

formula (1V) or (V),

*
| *
FoC
N
CFs BN
| CF,
_CFs |

F3C (1 V) CFs (v)

wherein “*” represents a bonding position.

[ Claim 3]
The conposition for formng an organic film
according to claim1l or 2, wherein the resin for form ng

an organic filmis a resin having an aromati c skel et on.

[ Cl ai m 4]

The conposition for formng an organic film
according to any one of clains 1 to 3, wherein a content
of the polymer is 0.01 part by mass to 5 parts by mass
relative to 100 parts by mass of the resin for form ng

an organic film

[ Cl ai m 5]
The conposition for formng an organic film
according to any one of clainms 1 to 4, wherein a content

of the resin for formng an organic filmis 10 parts by
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mass to 40 parts by mass relative to 100 parts by mass

of the composition for formng an organic film

[ Cl ai m 6]

A nmethod for form ng an organic filmused in a
sem conductor device manufacturing process, the nethod
conpri sing steps of:

appl ying the conmposition for form ng an organic
filmaccording to any one of claims 1 to 5 on a
substrate to be processed by spin-coating; and

heat-treating the substrate coated with the
conposition for formng an organic filmat a tenperature

of 100°C to 600°C within a range of 10 seconds to 600
seconds for formng a cured film

[Claim 7]

A patterning process, conprising steps of:

form ng an organic filmon a body to be processed
by using the conposition for formng an organic film
according to any one of clains 1 to 5;

formng a resist intermediate filmon the organic
filmby using a resist internediate film materi al
containing a silicon atom

formng a resist upper layer filmon the resist
intermediate film by using a resist upper layer film
mat eri al conposed of a photoresist conposition;

forming a circuit pattern in the resist upper |ayer
film

transferring the pattern to the resist internediate
filmby etching while using the circuit-patterned resi st
upper layer filmas a nask;

transferring the pattern to the organic film by

etching while using the patterned resist internediate
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filmas a mask; and

transferring the pattern to the body to be
processed by etching while using the patterned organic
filmas a mask.

[ Cl ai m 8]

A patterning process, conprising steps of:

form ng an organic filmon a body to be processed
by using the conposition for formng an organic film
according to any one of clains 1 to 5;

formng a resist internediate filmon the organic
filmby using a resist internediate film materi al
containing a silicon atom

form ng an organic anti-reflection filmor an
adhesion filmon the resist intermediate film

form ng a resist upper layer filmon the organic
anti-reflection filmor the adhesion film by using a
resi st upper layer filmmterial conposed of a
phot or esi st conposition;

formng a circuit pattern in the resist upper |ayer
film

transferring the pattern to the organic anti -
reflection filmor the adhesion film and the resist
intermediate filmby etching while using the circuit-
patterned resist upper |layer filmas a nmask;

transferring the pattern to the organic film by
etching while using the patterned resist internediate
filmas a mask; and

transferring the pattern to the body to be
processed by etching while using the patterned organic
filmas a mask.
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[ Clai m 9]

A patterning process, conprising steps of:

form ng an organic filmon a body to be processed
by using the conposition for formng an organic film
according to any one of clains 1 to 5;

form ng an inorganic hard mask selected froma
silicon oxide film a silicon nitride film and a
silicon oxynitride filmon the organic film

formng a resist upper layer filmon the inorganic
hard mask by using a resist upper |layer filmmterial
conposed of a photoresist conposition;

forming a circuit pattern in the resist upper |ayer
film

transferring the pattern to the inorganic hard mask
by etching while using the circuit-patterned resist
upper layer filmas a nask;

transferring the pattern to the organic film by
etching while using the patterned inorganic hard mask as
a mask; and

transferring the pattern to the body to be
processed by etching while using the patterned organic

filmas a mask.

[Claim10]

A patterning process, conprising steps of:

form ng an organic filmon a body to be processed
by using the conposition for formng an organic film
according to any one of clains 1 to 5;

form ng an inorganic hard mask selected froma
silicon oxide film a silicon nitride film and a
silicon oxynitride filmon the organic film

form ng an organic anti-reflection filmor an

adhesion filmon the inorganic hard mask;
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formng a resist upper layer filmon the organic
anti-reflection filmor the adhesion film by using a
resi st upper layer filmmterial conposed of a
phot or esi st conposition;

formng a circuit pattern in the resist upper |ayer
film

transferring the pattern to the organic anti -
reflection filmor the adhesion film and the inorganic
hard mask by etching while using the circuit-patterned
resi st upper layer filmas a mask;

transferring the pattern to the organic film by
etching while using the patterned inorganic hard mask as
a mask; and

transferring the pattern to the body to be
processed by etching while using the patterned organic

filmas a mask.

[Claim 11]

The patterning process according to claim9 or 10,
wherein the inorganic hard mask is forned by a CVD
met hod or an ALD net hod.

[Claim 12]

The patterning process according to any one of
claims 7 to 11, wherein the circuit pattern is formed by
a |ithography using |light having a wavel ength of 10 nm
to 300 nm a direct witing with electron beam

nanoi nprinting, or a conbination thereof.

[Claim13]
The patterning process according to any one of
claims 7 to 12, wherein the circuit pattern is devel oped

with an al kaline devel opnent or an organic sol vent.
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[ Clai m 14]

The patterning process according to any one of
claims 7 to 13, wherein the body to be processed is a
sem conductor device substrate, or a substrate in which
any of a metal film a netal carbide film a netal oxide
film a metal nitride film a metal oxycarbide film and
a netal oxynitride filmis formed on the sem conduct or

devi ce substrate.

[Cl aim15]

The patterning process according to claim 14
wherein a netal to constitute the body to be processed
Is silicon, titanium tungsten, hafnium zirconium
chrom um germanium copper, silver, gold, alum num
indium gallium arsenic, palladium iron, tantalum

iridium nolybdenum or an alloy thereof.
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