DESCRI PTI ON

TI TLE OF | NVENTI ON: COWVPGSI TI ON FOR FORM NG ORGANI C
FILM 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
form ng an organic film a method for form ng an organic
filmby using the conposition; and a patterning process

usi ng the conposition

BACKGROUND ART
[ 0002]

Recently, along with advancenents toward higher
I ntegration and hi gher processing speed of sem conduct or
devices, a finer pattern rule has been required. In
this situation, various techni ques have been devel oped
in regard to how patterning process can be perforned
nore finely and precisely depending on |ight sources
used in lithography with |Iight exposure, which is a
commonl y- enpl oyed techni que at present.

[ 0003]

As the light source for lithography enpl oyed in
resist pattern formation, |ight exposure using a g-line
(436 nm or an i-line (365 nm of a nmercury lanp is
wi dely adopted for portions where the degree of
integration is low. Meanwhile, for portions where the
degree of integration is high and finer patterning is
required, |ithography using a KrF exciner |aser (248 nm
or an ArF excinmer |aser (193 nm with shorter

wavel engt hs has al so been practically used. Moreover,
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for the nost-advanced generation requiring further finer
patterning, |ithography with extrene ultraviolet ray
(EUV, 13.5 nn) is about to be put to practical use.

[ 0004]

It is well known that in a nonol ayer resist nethod,
which is enployed as a typical resist patterning
process, as the thinning of resist patterns progresses
as descri bed above, the ratio of a pattern height to a
pattern line width (aspect ratio) is increased, and
pattern col |l apse occurs due to the surface tension of a
devel oper during developnent. It is known that, in this
situation, a nmultilayer resist nethod, in which a
pattern is formed by lamnating filnms having different
dry etching properties, is excellent in formng a
pattern with a high aspect ratio on an uneven substrate.
There have been devel oped: a two-layer resist nmethod in
whi ch a photoresist |ayer made of a silicon-containing
phot osensitive polyner is conmbined with an underl ayer
made of an organi c pol yner containing carbon, hydrogen,
and oxygen as main constituent elenents, for exanple, a
novol ak pol yner (Patent Docunment 1); and a three-I|ayer
resist method in which a photoresist |ayer made of an
organi ¢ photosensitive polyner used in a nonol ayer
resist method is combined with a mddle |ayer nade of a
silicon-based polynmer or a silicon-based CVD film and
an under| ayer made of an organic pol ymer (Patent
Docunment 2).

[ 0005]

In the three-layer resist nethod, for exanple, an
organic film made of a novolak or the like is formed
uniformy as a resist underlayer filmon a substrate to
be processed; a silicon-containing resist mddle |ayer

filmis formed thereon as a resist mddle [ayer film
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and an ordinary organic photoresist filmis fornmed

t hereon as a resist upper layer film |In dry etching
using a fluorine-based gas plasm, an organic resist
upper layer film has favorable etching selectivity to a
silicon-containing resist mddle layer film and
therefore, a resist pattern is transferred to the
silicon-containing resist mddle |layer filmby dry
etching using a fluorine-based gas plasma. According to
this nmethod, the pattern can be transferred to the
silicon-containing resist mddle |layer film even when
using a resist conposition that causes difficulties in
formng a pattern having a sufficient filmthickness for
directly processing the substrate to be processed or
when using a resist conposition that does not have
sufficient dry etching resistance for processing the
substrate. |In addition, by subsequently transferring
the pattern by dry etching with an oxygen-based gas
plasma, it is possible to obtain a pattern in an organic
film(e.g. a resist underlayer film such as a novol ak
film having sufficient dry etching resistance for
processi ng.

[ 0006]

Many techniques are already known (e.g. Patent
Docunment 3) regarding organi c underlayer filns |like the
organi ¢ underl ayer film descri bed above. However, in
association with recent progress in mniaturization, the
need for excellent filling property in addition to dry
etching property is rising. There is a demand for an
organi ¢ underlayer filmmaterial that enables uniform
filmformation even on an underlying substrate to be
processed having a conplex formor any material, and
that has a filling property that allows a required

pattern to be filled wi thout gaps.

3



[ 0007]

When a sem conductor substrate or the like is
manuf act ured, the above-descri bed organi c underl ayer
filmis formed using a coater/devel oper that can perform
treatments such as spin-coating process, EBR process,
and baki ng process. An EBR (Edge Bead Renobval ) process
Is a process of renoving, after formng a filmon a
substrate (wafer) by spin-coating, the filmon the edge
of the substrate with a renover for the purpose of
preventi ng the contam nation of a substrate-conveying
arm of the coater/devel oper. For exanple, a m xed
solution of propylene glycol nmononethyl ether acetate
and propyl ene glycol nmononethyl ether (30 mass% 70
mass?% is a renover used in EBR processes, and such
renovers are widely used in EBR processes of resist
films, resist underlayer filnms (e.g. organic underl ayer
films), and resist mddle layer filnms (e.g. silicon-
containing resist mddle |layer filns).

[ 0008]

Due to the effect of a renmover in an EBR process, a
state where a peripheral portion of an organic
underl ayer filmhas a thick filmthickness (a hunp)
occurs in some cases. In the above-described dry
etching step at the time of substrate processing, a hunp
causes defects, and therefore, an organic underl ayer
filmin which a hunp i s suppressed is desired.

[ 0009]

Furthermore, after form ng the spin-coating film
t he organi c underlayer filmis baked to forma cured
filmin order to use in a nultilayer resist process.
This is because it is necessary to achieve an insol uble
and infusible organic underlayer filmfor applying a

silicon-containing resist mddle layer filmthereon. On
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t he surface of an organic film formed by baking, a

hydr ophobi ¢ surface caused by a surfactant contained in
the conposition for formng an organic filmis forned,
and induces coating abnormality of the silicon-
containing resist mddle layer filmin sone cases. To

i nprove the coating property of the silicon-containing
resist mddle layer filmand w den the process margin,

t he contact angle of the surface of the organic

underlayer filmis required to be controll ed.

Cl TATION LI ST

PATENT LI TERATURE

[ 0010]

Pat ent Docunent 1: JP H6-118651 A
Pat ent Docunent 2: JP 2005-128509 A
Pat ent Docunment 3: JP 2004-205685 A

SUMVARY OF | NVENTI ON
TECHNI CAL PROBLEM
[0011]

The present invention has been nade in view of the
above-descri bed circunstances. An object of the present
i nvention is to provide: a conposition for form ng an
organic filmwhich is excellent in filmformability (in-
pl ane uniformty) on a substrate (wafer) and filling
property, is excellent in suppressing hunps in an EBR
process, and furthernore, makes it possible to form an
organic film having an excellent process margi n when
used as an organic filmfor a nmultilayer resist; a
met hod for formng an organic film using the
conposition; and a patterning process using the
conposi tion.



SOLUTI ON TO PROBLEM
[0012]

To achieve the object, the present invention
provi des a conposition for formng an organic film
conpri si ng:

(A) a resin or conpound for form ng an organic
film

(B) a fluorine-containing conpound represented by
the follow ng general formula (1); and

(C) a solvent,
L OR2

OR
"o

wherein L represents a single bond or an nl-val ent
organic group having 1 to 50 carbon atoms, R: represents
a saturated or unsaturated nonoval ent organic group
having 1 to 20 carbon atons, the organic group Rt having
at | east one fluorine-containing structure represented
by any of the following formulae (2), R represents a
hydrogen atom or a nonoval ent organic group having 1 to
30 carbon atoms, and “nl” represents an integer of 2 to
8,

*---CFj *--CFp---* "~ ~OCF3

wherein “*” represents an attachnent point in the
organi c group represented by the Ri;, the organic group R:
optionally having two or nore kinds anong the structures
represented by the formulae (2), or optionally having
two or nore identical structures.
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[ 0013]

Such a conposition for formng an organic filmis
excellent in in-plane uniformty and filling property
and makes it possible to forman organic filmin which
the formation of a hunp due to the effect of a renover
in an EBR process has been suppressed. Furthernore, by
i ntroducing, as a partial structure, a structure having
multiple fluorine atoms into the fluorine-containing
conpound (B), the fluorine-containing conpound (B)
volatilizes fromthe surface of the organic film by
virtue of the baking at the time of cured-film formation
in a case where an organi c underlayer filmis formed,
and the conpound is renoved frominside the film
Therefore, the conposition for form ng an organic film
makes it possible to forman organic filmexcellent in
the coating property of a silicon-containing mddle
|l ayer filmon the organic film and has an excell ent
process margin.

[ 0014]

The Ry in the general formula (1) preferably has a
structure represented by any of the follow ng general
formul ae (3),

* * * ~

I ? I !
_ A CF L 1%
R1=  FsC~  CF, 3 CFa '\(Clin) n2 <|:F2) 3
CF3 CF3
. '
F F
. - CFz}—ca
; OCF3
OCF;,

wherein “*” represents an attachnment point in the

organi ¢ group represented by the R;; and “n2”, “n3”, and
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“n4” each represent an integer of 1 to 10.
[ 0015]

A conposition for form ng an organic film
containing a fluorine-containing conpound (B) including
such a partial structure has an appropriate fluorine
content, and therefore, nakes it possible to inprove
filmformability at the time of application and control
the volatility during baking in an appropriate
t enperature range.

[ 0016]

The L in the general formula (1) is preferably an
organi c group represented by any of the foll ow ng
general fornmulae (4),

| = *‘(_CHQ}* —OGCHQ)‘O— *‘(O‘CHQ‘CHQ‘)O_*
5 né n7

n

: , g
o X o oo o L o.
O\ -~

: :o’ *—oj Co—*

*~0—\-o- (4)

wherein “*” represents an attachnment point to a
term nal structure including the OR; and the OR;; and
“n5”, “n6”, and “n7” each represent an integer of 1 to
10.

[0017]

According to a conposition for form ng an organic

filmcontaining a conpound having the organic group L

havi ng such a structure, there is no risk of the in-
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pl ane uniformty of the film being degraded by
deconposed products generated during baking, and there
is no risk of insoluble conponents being fornmed by a
reacti on bet ween deconposed products or the I|iKke.
Therefore, the process margi n does not beconme narrowed
when the conposition is used for an organi c underl ayer
film and inconveni ence, such as equi pnent

contam nati on, does not arise either.

[ 0018]

The R, in the general formula (1) is preferably a
hydr ogen at om
[ 0019]

A conposition for formng an organic film
contai ni ng a conpound havi ng such a structure contains a
hydr oxy group, which is hydrophilic, and therefore, it
is possible to control the surface active effect of the
conmpound and prevent filmformation failure that occurs
when applying the conposition for form ng an organic
filmand form ng an organic film
[ 0020]

The fluorine-containing conpound (B) represented by
t he general fornula (1) preferably has a wei ght-average
nmol ecul ar wei ght of 300 to 1500.

[ 0021]

When the fluorine-containing conpound (B) is
contained in such a range of wei ght-average nol ecul ar
weight, it is possible to forman organic film excellent
in filmformability and filling property with nore
certainty. Furthernore, the contact angle of the film
surface after filmformtion can be controlled to be in
an appropriate range, and it is possible to form an
organi ¢ underl ayer filmfurther suitable for use in a

mul til ayer resist process.



[ 0022]

The fluorine-containing conpound (B) represented by
the general formula (1) preferably satisfies 1.00 <
Mw/Mn < 1.10, where Mw is a weight-average molecular
wei ght and Mh is a nunber-average nol ecul ar wei ght
measured by gel perneation chromatography in ternms of
pol ystyrene.

[ 0023]

When the conposition contains a fluorine-containing
conpound (B) in which the ratio of the wei ght-average
nol ecul ar wei ght Mwv to the nunber-average nol ecul ar
wei ght Mh is within the above-described range, it is
possible to formcertainly an excellent organic film
wi t hout generating foreign substances that cause film
formation failure or defects after filmformtion
[ 0024]

The fluorine-containing conpound (B) is preferably
contained in an amount of 0.01 parts by mass to 5 parts
by mass based on 100 parts by mass of the resin or
conpound (A) for formng an organic film
[ 0025]

A conposition for formng an organic film
contai ning the fluorine-containing conpound (B) in such
an amount allows better in-plane uniformty in a forned
organic film and is therefore preferable.

[ 0026]

The present invention also provides a nethod for
formng an organic filmto be used in a manufacturing
process of a sem conductor device, the nethod
conpri si ng:

spin-coating a substrate to be processed with the
i nventive conposition for formng an organic filmto

obtain a coating film and
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formng a cured filmby heating the coating film at
a tenmperature of 100°C or hi gher and 600°C or | ower for
10 to 600 seconds.

[ 0027]

The inventive conmposition for formng an organic
filmmakes it possible to fill sufficiently a pattern
having a conplicated shape on a substrate to be
processed by spin-coating, and forman organic film
havi ng excellent in-plane uniformty. Therefore, the
i nventive conposition for formng an organic filmis
particul arly useful when the organic filmon an edge
portion is renmoved while suppressing hunps in an EBR
process.

[ 0028]

The present invention also provides a patterning
process conpri sing:

form ng an organic underlayer filmon a body to be
processed by using the inventive conposition for formng
an organic film

formng a resist mddle layer filmon the organic
underl ayer filmby using a resist mddle layer film
material containing a silicon atom

formng a resist upper layer filmon the resist
m ddl e | ayer film by using a resist upper layer film
mat eri al conprising a photoresist conposition;

formng a circuit pattern in the resist upper |ayer
film

transferring the pattern to the resist mddle |ayer
filmby etching while using the resist upper layer film
having the formed circuit pattern as a mask

transferring the pattern to the organi c underl ayer
filmby etching while using the resist mddle |layer film

having the transferred pattern as a mask; and
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further transferring the pattern to the body to be
processed by etching while using the organic underl ayer
filmhaving the transferred pattern as a mask.
[ 0029]

The present invention also provides a patterning
process conpri sing:

form ng an organic underlayer filmon a body to be
processed by using the inventive conposition for formng
an organic film

formng a resist mddle layer filmon the organic
underlayer filmby using a resist mddle |layer film
material containing a silicon atom

form ng an organic antireflective filmor an
adhesive filmon the resist mddle |ayer film

form ng a resist upper layer filmon the organic
antireflective filmor the adhesive filmby using a
resi st upper layer filmmterial conprising a
phot or esi st conposition;

forming a circuit pattern in the resist upper |ayer
film

transferring the pattern to the organic
antireflective filmor the adhesive filmand to the
resist mddle layer filmby etching while using the
resi st upper layer filmhaving the formed circuit
pattern as a mask

transferring the pattern to the organi c underl ayer
filmby etching while using the resist mddle |layer film
having the transferred pattern as a mask; and

further transferring the pattern to the body to be
processed by etching while using the organic underl ayer
filmhaving the transferred pattern as a mask.
[ 0030]

The present invention also provides a patterning
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process conpri sing:

form ng an organic underlayer filmon a body to be
processed by using the inventive conposition for formng
an organic film

form ng an inorganic hard nmask selected fromthe
group consisting of a silicon oxide film a silicon
nitride film and a silicon oxynitride filmon the
organi ¢ underl ayer film

form ng a resist upper layer filmon the inorganic
hard mask by using a resist upper |layer filmmteri al
conpri sing 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 resist upper layer film
having the fornmed circuit pattern as a mask;

transferring the pattern to the organi c underl ayer
filmby etching while using the inorganic hard mask
having the transferred pattern as a mask; and

further transferring the pattern to the body to be
processed by etching while using the organic underl ayer
filmhaving the transferred pattern as a mask.
[ 0031]

The present invention also provides a patterning
process conpri sing:

form ng an organic underlayer filmon a body to be
processed by using the inventive conposition for formng
an organic film

form ng an inorganic hard nask selected fromthe
group consisting of a silicon oxide film a silicon
nitride film and a silicon oxynitride filmon the
organi ¢ underl ayer film

form ng an organic antireflective filmor an
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adhesive filmon the inorganic hard mask;

formng a resist upper layer filmon the organic
antireflective filmor the adhesive filmby using a
resi st upper layer filmmterial conprising a
phot or esi st conposition;

forming a circuit pattern in the resist upper |ayer
film

transferring the pattern to the organic
antireflective filmor the adhesive filmand to the
i norgani ¢ hard mask by etching while using the resist
upper layer filmhaving the fornmed circuit pattern as a
mask;

transferring the pattern to the organi c underl ayer
filmby etching while using the inorganic hard mask
having the transferred pattern as a mask; and

further transferring the pattern to the body to be
processed by etching while using the organic underl ayer
filmhaving the transferred pattern as a mask.

[ 0032]

As described, the inventive conposition for formng
an organic filmcan be used suitably in various
patterni ng processes such as a three-layer resist
process using a silicon-containing resist mddle |ayer
filmor an inorganic hard nask and a four-I|ayer resist
process additionally using an organic antirefl ective
film According to such patterning processes of the
present invention, it is possible to transfer and forma
circuit pattern of a resist upper layer filmin a body
to be processed with high accuracy.

[ 0033]

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

[ 0034]
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In the inventive patterning process, the inorganic
hard mask can be fornmed by such nmethods, for exanple.
[ 0035]

The circuit pattern is preferably forned by a
i thography using |ight having a wavel ength of 10 nm or
nore and 300 nmor less, a direct witing with el ectron
beam nanoinmprinting, or a conbination thereof.

[ 0036]

The circuit pattern is preferably devel oped with an
al kal i ne devel opment or an organic sol vent.
[ 0037]

In the inventive patterning process, such neans of
form ng and devel oping the circuit pattern can be used
suitably.

[ 0038]

The body to be processed is preferably a
sem conductor device substrate or the sem conductor
devi ce substrate coated with any of a netal film a
metal carbide film a metal oxide film a metal nitride
film a metal oxycarbide film and a netal oxynitride
film
[ 0039]

The nmetal constituting the body to be processed is
preferably silicon, titanium tungsten, hafnium
zirconium chrom um germani um copper, silver, gold,
al um num indium gallium arsenic, palladium iron
tantalum iridium nolybdenum or an alloy thereof.

[ 0040]

According to the inventive patterning process, such

a body to be processed can be processed to form a

pattern.

ADVANTAGEOUS EFFECTS OF | NVENTI ON
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[ 0041]

As descri bed above, the inventive conposition for
formng an organic filmmakes it possible to provide a
conposition for formng an organic film having excell ent
filmformability (in-plane uniformty) on a substrate
(wafer) and excellent filling property, and being
excellent in the filmformability of a mddle |ayer film
on the organic filmwhen used for an organi c underl ayer
filmand in hunp suppression at the tine of an EBR
process. Because the inventive conposition for form ng
an organic filmis thus excellent in filmformability,
filling property, the property of suppressing hunps that
are generated during an EBR process, and film
formability, that is, the process margin of a mddle
| ayer filmon the organic filmwhen used for an organic
underl ayer film the inventive conposition for form ng
an organic filmis extrenely useful as: for exanple, an
organi ¢ underlayer filmmaterial used in nultilayer
resi st processes, such as a two-layer resist process, a
three-layer resist process using a silicon-containing
resist mddle layer filmor an inorganic hard mask, or a
four-layer resist process using a silicon-containing
resist mddle layer filmor inorganic hard mask and an
organic antireflective film or for form ng an organic
filmfor manufacturing a sem conductor device. 1In
addi ti on, according to the inventive method for form ng
an organic film it is possible to forman organic film
i n which hunps have been suppressed, and therefore,
sem conductor devices and so forth can be manufactured

efficiently.

BRI EF DESCRI PTI ON OF DRAW NGS
[ 0042]
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FIG 1 is an explanatory diagram of an exanple of
the inventive patterning process according to a three-
| ayer resist process.

FIG 2 is an exanple of a graph on nmeasuring the
hei ght of a hunp by using a stylus profiler in Exanple
2.

FIG 3 is an exanple of a graph on nmeasuring the
hei ght of a hunp by using a stylus profiler in
Conpar ative Exanple 2.

FIG 4 is an explanatory diagramof a filling

property evaluation nmethod in the Exanples.

DESCRI PTI ON OF EMBODI MENTS
[ 0043]

As descri bed above, there has been required the
devel opment of a conposition for formng an organic film
t hat has excellent filmformability (in-plane
uniformty) on a substrate (wafer) and excellent filling
property, and that can forman organic filmin which
hunps generated in an EBR process have been suppressed.

[ 0044]

Usual |y, when an organic filmis to be forned, a
resin for formng an organic film and additives are
di ssolved in an organic solvent to forma conposition,
the conposition is applied with a coater and a devel oper
onto a substrate on which a structure, a circuit, etc.
is fornmed, the conposition is spread by the substrate
rotating, the conposition on the edge is renoved in an
EBR process, and then the conposition is baked to form
an organic film
[ 0045]

It is thought that if the flowability of the

conposition is insufficient, gaps are generated when a
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hol e or trench having a very high aspect ratio is
filled, and in addition, a hunp is generated in the

peri phery of the organic filmif the resin for form ng
an organic filmor the additives have poor solubility in
the renover used in the EBR process.

[ 0046]

The present inventors have further studied
earnestly and found out that when a conpound having a
particul ar substituent is contained in a conposition for
form ng an organic film the conposition has both
excellent filmformability and high filling property and
al l ows excell ent hunp suppression property during an EBR
process. Thus, the present invention has been
conpl et ed.

[ 0047]

That is, the present invention is a conposition for
formng an organic film conprising:

(A) a resin or conpound for form ng an organic
film

(B) a fluorine-containing conpound represented by
the follow ng general formula (1); and

(C a solvent,

L OR;

OR
"o

wherein L represents a single bond or an nl-val ent
organi c group having 1 to 50 carbon atoms, Ri; represents
a saturated or unsaturated nonoval ent organic group
having 1 to 20 carbon atoms, the organic group R: having
at | east one fluorine-containing structure represented
by any of the following fornmulae (2), R represents a

hydrogen atom or a nonoval ent organic group having 1 to
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30 carbon atons, and “nl” represents an integer of 2 to
8,

*---CF *--CF,---*  *~~OCFj

wherein “*” represents an attachnment point in the
organi c group represented by the Ri;, the organic group R:
optionally having two or nore kinds anong the structures
represented by the fornmulae (2), or optionally having
two or nore identical structures.

[ 0048]

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

[ 0049]
[ Composition for Form ng Organic Fil n

The inventive conmposition for formng an organic
filmcontains: (A a resin or conpound for form ng an
organic film (B) a fluorine-containing conpound
represented by the general formula (1); and (C) a
solvent. The inventive conposition for form ng an
organic filmis, for exanple, for form ng: an organic
filmfor a multilayer resist for fine processing in
manuf act uri ng sem conduct or devices or the |ike; and
organic films for planarization in manufacturing
sem conductor devices or the |ike.

[ 0050]

Note that, in the inventive conposition for formng
an organic film as each of the fluorine-containing
conpound (B), the resin or conpound (A) for form ng an

organic film and the solvent (C), one kind may be
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contai ned or a conbi nation of two or nore kinds may be
cont ai ned.
[ 0051]

In the followi ng, the fluorine-containing conpound
(B), which is a feature of the inventive conposition for
formng an organic film wll be described in nore
detail first. Subsequently, other conponents of the
I nventive conposition for formng an organic filmwll
be descri bed.
[ 0052]
[ Fl uori ne- Cont ai ni ng Conpound (B)]

The fl uori ne-containing conpound (B) contained in
the inventive conposition for formng an organic filmis

a compound represented by the follow ng general fornula

(1).

1/ _OR,

OR
"o ()

In the fornmula, L represents a single bond or an
nl-val ent organic group having 1 to 50 carbon atons, R:
represents a saturated or unsaturated nonoval ent organic
group having 1 to 20 carbon atons, the organic group R:
havi ng at | east one structure including fluorine
represented by any of the following fornulae (2), R
represents a hydrogen atom or a nonoval ent organi c group
having 1 to 30 carbon atons, and “nl” represents an
i nteger of 2 to 8.

*---CF; *--CFp---* "~ ~OCFs
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“*” represents an attachnent point in the organic
group represented by the Ri;, the organic group R;
optionally having two or nore kinds anong the structures
represented by the fornmulae (2), or optionally having
two or nore identical structures.

[ 0053]

The fl uori ne-containing conpound (B) contained in
the inventive conposition for formng an organic filmis
a compound having a | ow nol ecul ar-wei ght structure and
having multiple fluorine-substituted groups, and becones
a volatilized product by deconposing or sublimng due to
heat or the |ike. For exanple, if a high-nolecul ar-
wei ght polynmer is used, such a polyner generally has
| ower volatility and sublimability than | ow nol ecul ar -
wei ght conpounds, and therefore, the polymer or the
deconposed product remains in the filmor on the surface
of the filmat the time of baking. |If such a polyner is
used as a material for form ng an organi c underl ayer
film the polynmer affects etching resistance, the
coating property of a silicon-containing mddle |ayer
filmto be formed on the organic underlayer film etc.
The fl uorine-containing conpound (B) contained in the
i nventive conposition for formng an organic film has
been designed not to affect physical properties of the
filmby virtue of sublimbility or deconposition caused
by heat. This is achieved by designing the term nal
substituent structure appropriately by introducing an
appropriate fluorine structure to reduce the
i nternol ecul ar force between the conmpounds so that the
conpound does not remain on the filmsurface or in the
filmdue to a heat treatnent.

[ 0054]

Furthernore, the fluorine-containing conpound (B)
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contained in the inventive conposition for form ng an
organic filmhas a function as a surfactant, and by
i ntroducing nultiple substituents each including an
appropriate fluorine-containing structure into a
term nal structure of the conpound, it is possible to
inpart a function as a surfactant that has the ability
to reduce surface tension and brings about excell ent
uni form coatability (leveling property) of an organic
film Accordingly, the inventive conposition for
form ng an organic film containing such a fluorine-
cont ai ni ng conpound (B), can be used suitably not only
for organic underlayer films, but also for common
organic filmmterials, for exanple, coating materials
for photolithography in general (photosensitive resist
materials, materials for formng a top coat to be formed
on a resist film etc.). Furthernore, such a fluorine-
cont ai ni ng conmpound (B) is applicable not only to
materials for form ng an organic film but also to
silicon-containing resist underlayer filnms, and can be
used as a surfactant suitable for realizing film
formability that is highly versatile and is applicable
to various materials for formng a film
[ 0055]

That is, in the inventive conposition for formng
an organic film the fluorine-containing conmpound (B)
functions as a surfactant that inparts excellent film
formability and high | eveling property. Uses of the
conpound are not limted to organic underl ayer fil ns,
and the conmpound can be used for coating materials for
photol i t hography in general. Exanples of uses include
phot osensitive resist materials and materials for
formng a top coat to be formed on a resist film
[ 0056]
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Note that, in the inventive conposition for formng
an organic film one kind of the fluorine-containing
conmpound (B) may be used, or two or nore kinds thereof
may be used in conbination. These conpounds are
preferably contained in such an anpbunt that the
fluorine-containing conpound (B) is contained in an
amount of 0.01 parts by mass to 5 parts by nass based on
100 parts by mass of the resin or conmpound (A) for
formng an organic film \When the contained anount is
as described, the formed organic filmcan achi eve better
i n-plane uniformty.

[ 0057]

Exanpl es of the fluorine-containing conpound (B) of

t he general fornmula (1) include the following. 1In the

following fornmulae, Ri and R» are as defined above.
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[ 0058]

OR| OR

e /\/[0
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o o 0 OR;
Rzo 0/\r R2 \/\I/
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[ 0059]
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[ 0060]

R,0

OR,

R,0 /\eRo /—<— RO
e L

o o 0 0
OR,
R‘Io/\\g\o’ﬂ/\o’\E\O/\[ R]O/\[/\O’}/\o’\%o o/\l/\ORl
2 fo) o) OR1 OR2 o 0 OR2

R0 OR,
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[ 0061]

Anong the exanples, the structures in which the
organic group L does not contain an aromatic ring are
preferable fromthe viewpoint of enhancing thermal
deconposability, and structures not having nitrogen are
preferable fromthe viewpoint of surface active
property. As exanples that satisfy these conditions,

t hose having a structure linked by a glyme chain of the
foll ow ng general fornulae (4) or an al kyl ene group as
t he organic group (linking group) L and so forth are

pr ef er abl e.

[ 0062]

L= *‘(‘CHQ}* _OQCHQ)‘O_ *‘(O‘CHQ'CHQ‘)’O—*
5 né n’

n

o X oo, oY o Lo
O\-\.

: :o’ *—o: :o—*

*-o—\-0- (4)

“*” represents an attachnent point to a term na
structure including the ORt and the OR;; and “n5", “n6”,
and “n7” each represent an integer of 1 to 10.

[ 0063]

The Ry in the general formula (1) represents a
saturated or unsaturated nonoval ent organi c group having
1 to 20 carbon atons, the organic group Ri having at
| east one fluorine-containing structure represented by

any of the fornulae (2). Specific exanples of
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substituents having at | east one structure represented
by any of the general fornulae (2) include the

follow ng. “nl” represents an integer of 2 to 8, and
“n2”, “n3”, and “n6” to “n9” each represent an integer
of 1 to 10.

[ 0064]
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[ 0066]

X . Ol Ol - O -
.!S,IO 0] o I j’
0” o 7 o)
CF CFs3
3 CFs CFs CFs CF4
/* /* O ,* ! T
0 X
CFs
-~
N
F4C CFy FaC CFs4 FsC FaC CFs CFs
T ~ *. @] * 0
CFs CFs CFs FOF
[ 0067]

Anmong t he exanpl es,

structure represented by

formul ae (3) are preferable fromthe viewpoint

surface active property.

of these structures i s contained,

those in which the R has a
any of the foll owi ng general

of

When a conpound (B) having any

enhancenent of film

formability can be expected by virtue of a fluorine

structure being introduced with an appropriate fluorine

content.

In particul ar,

t hose having trifluoronmethoxy

benzene are nore preferable fromthe viewpoint

of not

only surface active effect,

but al so reducing the

envi ronnent al

structure.

i npact of the conpound having a fluorine
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[ 0068]

Fo/ng
CFa CFa
: ! * _0O e
F F O - -
- - "uﬁst}—CF3
. OCF; n4 F F
OCFs Fo @)

“*” represents an attachnent point in the organic
group represented by the Ri;; and “n2”, “n3”, and “n4”
each represent an integer of 1 to 10.

[ 0069]

A conposition for form ng an organic film
containing a fluorine-containing conpound (B) including
such a partial structure has an appropriate fluorine
content, and therefore, nakes it possible to inprove
filmformability at the tinme of application and control
the volatility during baking in an appropriate
t enperature range.

[ 0070]

The R in the general fornmula (1) represents a
hydrogen atom or a nonoval ent organic group having 1 to
30 carbon atons, and specific exanples include the
followng. In the followng fornmulae, “n3” represents
an integer of 0 to 28, “n7” represents an integer of O
to 26, “n8” represents an integer of 0 to 28, “nl0”
represents an integer of 0 to 28, and “nll” represents

an integer of 0 to 24.
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[ 0072]
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[ 0073]
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[ 0074]

“*” represents an attachnment point in the organic
group represented by the R..

[ 0075]

Anong the above, those in which the R is a
hydrogen atom or has a partial structure shown belowis
preferable fromthe viewpoint of inparting a surface
active effect, and the R: is more preferably a hydrogen

atom fromthe viewpoint of affinity to an organic

sol vent .
[ 0076]
T
F F
*---CF3 *--CFp---* "~ ~OCF3
F F
F
[ 0077]

When a fluorine-containing conpound (B) having a
structure shown above is contained, thernmal
deconmposability, sublimability, surface active effect,
and flowability can be adjusted, and a conposition
havi ng excellent filmformability, high filling
property, etc. can be achieved.

[ 0078]

The fl uorine-containing conpound (B) preferably has
a wei ght -average nol ecul ar wei ght of 300 to 1500. When
t he wei ght -average nol ecul ar weight is 300 or nore, it
I's possible to suppress the degradation of a bl ending
effect due to volatilization or the like, and a
sufficient blending effect can be achi eved. Meanwhile,
when t he wei ght-average nol ecul ar weight is 1500 or
| ess, the conmpound can be prevented fromremaining in
the film and an organic film having an even better

process margin can be formed. Furthernore, the weight-
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average nol ecul ar weight is preferably 1000 or |ess.
When t he wei ght-average nol ecul ar weight is 1000 or
less, it is possible further to reduce the risk of the
surfactant remaining in the film

[ 0079]

The fl uorine-containing conpound (B) preferably
satisfies 1.00 £ Mw/Mn < 1.10, where Mw i1s a weight-
average nol ecul ar weight and Mh i s a nunber-average
nol ecul ar wei ght neasured by gel perneation
chromat ography in ternms of polystyrene.

[ 0080]

Normal ly, in the case of a single conpound, the
ratio MV Mh is 1.00 in theory. However, taking into
consideration the fact that, for exanple, multiple kinds
of structures of the organic group Ry and multiple Kkinds
of structures of the group R: may be contained in
conbination in the fluorine-containing conmpound (B)
contained in the inventive conposition for form ng an
organic film and that physical properties, such as the
pol arity, of the conmpound and errors in neasurenment
conditions, such as the tenperature and pressure of the
colum, in gel perneation chromatography have an effect
on the separation performance of the conpound, it is
difficult strictly to achieve MvW Mh of 1.00 even in the
case of a single conpound. Therefore, for distinction
froma conpound having a distribution in the ratio
Mv WMn, the above-described range is defined as an index
i ndi cati ng nonomeri sm
[ 0081]

[ Met hod for Manufacturing Fluorine-Containing Conpound
(B)]
The fluorine-containing conmpound (B), having the

structure represented by the general formula (1), can be
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manuf actured by sel ecting the opti num nmet hod dependi ng
on the structure. For exanple, when the group R is a
hydr ogen atom the fluorine-containing conpound (B) can
be obtai ned by an addition reaction (STEP 1) between: an
epoxy conpound having the organic group L as a parti al
structure; and a conpound having an organic group Ry as a
partial structure and having a hydroxy group.
Al ternatively, when the group R: is not a hydrogen atom
t he fluorine-containing conpound (B) can be obtai ned by
perform ng, after the addition reaction (STEP 1), an
acyl ation reaction (STEP 2) by an acyl ating agent,
corresponding to the subsequent introduction of the
organi c group R.. Exanples of the conpound having a
hydr oxy group include carboxylic acids, alcohols, and
phenols. Meanwhil e, exanples of the acylating agent
I nclude acid anhydrides and acid chl orides.
[ 0082]

The Ry and the R in the follow ng fornul ae are
each as defined above.
[ 0083]

STEP 1 (R2 = hydroxy group)

O + Ry—OH

OR1
ni n1i

[ 0084]

STEP 2 (R2 = not hydroxy group)

L OH acylation L OR;
+ acylating reagent
OR1 OR1
n1 n1
[ 0085]

In the reaction between an epoxy conmpound and a
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conpound having a hydroxy group shown in the above-
descri bed STEP 1, the ampunt of the conpound having a
hydroxy group to be charged is preferably 0.3 to 4.0
nol, nmore preferably 0.5 to 2.0 nol, and further
preferably 0.75 to 1.25 nol when the nmolar quantity of
t he epoxy in the epoxy conpound is considered as 1 nol.
When t he charged anount of the conpound having a hydroxy
group relative to that of the epoxy unit is within the
above-descri bed preferable ranges, unreacted epoxy
groups can be prevented fromremaini ng, and storage
stability can be guaranteed. |In addition, when the
charged anount of the conpound having a hydroxy group
relative to that of the epoxy unit is within the above-
descri bed preferable ranges, unreacted conpounds having
hydr oxy groups can be prevented fromremaining in the
system and the problem of outgassing can be avoi ded.

[ 0086]

Furthermore, it is also possible to use anot her
conpound having, as a |light-absorbing group of
ultraviolet light, a hydroxy group and a group ot her
t han the organic group Rt for inproving antireflective
performance and i nproving solvent solubility. Exanples
of such other conpounds include: aliphatic carboxylic
acids, such as form c acid, acetic acid, propionic acid,
pal mtic acid, and stearic acid; alicyclic carboxylic
acids, such as cycl ohexanecarboxylic acid and
nor bor nenecar boxylic acid; aromatic carboxylic acids,
such as benzoic acid, naphthal enecarboxylic acid, and
ant hracenecar boxylic acid; alcohols, such as nethanol,
et hanol, and benzyl al cohol; and phenols, such as phenol
and naphthol. The charged anmount of the other conpounds
is preferably 0.1 to 50 nol% nore preferably 1 to 30

nol % rel ative to the total anpunt of conpounds having a
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hydr oxy group charged.
[ 0087]

A conmpound synt hesi zed from the above-descri bed
starting materials can normally be obtained by allow ng
a reaction between an epoxy conpound and a conpound
havi ng a hydroxy group in a solvent or in a solvent in
the presence of a reaction catalyst at roomtenperature
or, as necessary, under cooling or heating.

[ 0088]

Exanpl es of the solvent used include: al cohols,
such as net hanol, ethanol, isopropyl alcohol, butanol,
et hyl ene glycol, propylene glycol, diethylene glycol,
gl ycerol, nethyl cellosolve, ethyl cellosolve, butyl
cel |l osol ve, propylene glycol nonomethyl ether, and
di acet one al cohol; ethers, such as diethyl ether,

di butyl ether, diethylene glycol diethyl ether,

di et hyl ene glycol dinmethyl ether, tetrahydrofuran, and
1, 4-di oxane; chlorine-based solvents, such as nethyl ene
chl oride, chloroform dichloroethane, and
trichl oroet hyl ene; hydrocarbons, such as hexane,

hept ane, benzene, toluene, xylene, and cunene; nitriles,
such as acetonitrile; ketones, such as acetone, ethyl
met hyl ketone, and isobutyl nethyl ketone; esters, such
as ethyl acetate, n-butyl acetate, and propyl ene glycol
methyl ether acetate; lactones, such as y-butyrolactone;
and aprotic polar solvents, such as dinethyl sulfoxide,
N, N- di met hyl f or mam de, and hexanet hyl phosphoric

triam de. One of these solvents nay be used, or a

m xture of two or nore kinds thereof may be used. These
sol vents can be used, for exanple, in an anount of O to
2000 parts by mass based on 100 parts by nmass of the
reaction starting material s.

[ 0089]
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Exanpl es of the reaction catal yst include
guat ernary ammoni um salts, such as
benzyl tri et hyl ammoni um chl ori de, benzyltriethyl anmoni um
brom de, benzyltrinethyl ammoni um chl ori de,
t et ranmet hyl ammoni um chl ori de, tetramethyl anmoni um
brom de, tetranethyl amoni um i odi de, tetramethylanmoni um
hydr oxi de, tetraethyl ammoni um brom de,
t et rabut yl ammoni um chl ori de, tetrabutyl ammoni um brom de,
t etrabut yl ammoni um i odi de, tetrabutyl anmoni um hydr ogen
sul fate, trioctyl met hyl ammoni um chl ori de,
tributyl benzyl anmoni um chl oride, trimethyl benzyl ammoni um
chloride, trinmethyl benzyl amoni um hydroxi de, N-
| auryl pyridi nium chloride, N-lauryl-4-picolinium
chl oride, N-lauryl picoliniumchloride,
tri met hyl phenyl ammoni um brom de, and N-benzyl pi col i ni um
chl ori de; quaternary phosphonium salts, such as
t etrabut yl phosphoni um chl ori de, tetrabutyl phosphoni um
brom de, and tetraphenyl phosphonium chloride; tertiary
am nes, such as tris[2-(2-nmethoxyethoxy)ethyl]am ne,
tris(3,6-di oxaheptyl)am ne, and tris(3, 6-
di oxaoctyl )am ne; potassiumtert-butoxide; sodium
hydri de; etc. The anount of the catalyst to be used can
be in a range of 0.001 to 100 wei ght% preferably 0.005
to 50 weight% w th respect to the raw materials. The
reaction tenperature is preferably about -50°C to the
boi ling point of the solvent, nore preferably room
tenperature to 150°C. The reaction tine is
appropriately selected within a range of 0.1 to 100
hour s.
[ 0090]

The reaction nethod is not I[imted, and exanples
i nclude: a nmethod in which an epoxy conpound, a conpound

havi ng a hydroxy group, and a catal yst are charged at
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once; a nethod in which an epoxy conpound and a conpound
havi ng a hydroxy group are dispersed or dissolved in a
solvent, and then a catalyst is added at once thereto or
diluted with a solvent and added dropw se thereto; and a
met hod in which a catalyst is disepersed or dissolved in
a solvent, and then an epoxy conmpound and a conpound
havi ng a hydroxy group are added at once thereto or
diluted with a solvent and added dropw se thereto.
After conpletion of the reaction, the reaction product
may be directly used without purification etc., or the
reacti on product nay be diluted with an organic sol vent
and then subjected to liquid-liquid separation washi ng
to renove unreacted raw materials, the catal yst, and so
forth present in the system and thus, a high-purity
product can be col |l ect ed.
[ 0091]

The organic solvent used in the purification is not
particularly limted, as long as it is capable of
di ssol ving the reaction product and bei ng separated,
when m xed with water, into two | ayers. Exanples of the
organi ¢ solvent include hydrocarbons, such as hexane,
hept ane, benzene, toluene, and xylene; esters, such as
et hyl acetate, n-butyl acetate, and propyl ene gl ycol
met hyl ether acetate; ketones, such as nethyl ethyl
ket one, methyl anyl ketone, cyclohexanone, and net hyl
I sobutyl ketone; ethers, such as diethyl ether,
di i sopropyl ether, nethyl-tert-butyl ether, and
et hyl cycl opentyl met hyl ether; chlorinated solvents, such
as net hyl ene chloride, chloroform dichloroethane, and
trichl oroethyl ene; m xtures thereof; etc. As water used
for washing in this event, generally, what is called
dei oni zed water or ultrapure water may be used. The

washi ng may be perfornmed at |east once, preferably once
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to approximately five times, because washing ten times
or nmore does not always produce the full washing effects
t her eof .

[ 0092]

In the liquid-liquid separation washing, washing
with a basic aqueous solution may be perforned to renove
unreact ed conmpounds havi ng hydroxy groups or acidic
conmponents. Exanples of the base include hydroxi des of
al kaline netals, carbonates of al kaline netals,
hydr oxi des of al kali earth netals, carbonates of al kal
earth metals, ammoni a, organic ammoni um etc.

[ 0093]

Further, in the liquid-liquid separation washing,
washing with an acidi c aqueous solution may be perforned
to renove netal impurities or basic conponents in the
system Exanples of the acid include inorganic acids,
such as hydrochloric acid, hydrobromc acid, sulfuric
acid, nitric acid, phosphoric acid, and heteropoly acid,
organi c acids, such as oxalic acid, trifluoroacetic
aci d, methanesul fonic acid, benzenesul fonic acid, p-
tol uenesul fonic acid, and trifluoronethanesulfonic acid;
etc.

[ 0094]

The liquid-1iquid separati on and water washi ng nmay
be performed with any one of the basic aqueous sol ution
and the acidic aqueous sol ution, or can be perforned
with a conbination of the two. The liquid-liquid
separation and water washing is preferably perfornmed
with the basic aqueous solution and the acidic aqueous
solution in this order fromthe viewpoint of renoving
metal inpurities.

[ 0095]

After the liquid-liquid separation and water
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washing with the basic aqueous solution and acidic
agqueous sol ution, washing with neutral water nay be
successively perfornmed. The washi ng may be perforned at
| east once, preferably once to approximately five tines.
As the neutral water, deionized water, ultrapure water,
or the |ike nmentioned above may be used. The washi ng
may be perfornmed once or nore, but if the washing is not
perfornmed sufficiently, basic and acidic conponents
cannot be renoved in sone cases. The washing is
preferably perfornmed approximately once to five tines
because washing ten tines or nore does not al ways
produce the full washing effects.

[ 0096]

Further, after the liquid-liquid separation
operation, the reaction product can also be collected as
a powder by concentrating and drying the solvent or
crystallizing the reaction product under reduced
pressure or normal pressure. Alternatively, the
reacti on product can be retained in a solution state
with an appropriate concentration to inprove the
wor kability in preparing the conposition for form ng an
organic film The concentration in this case is
preferably 0.1 to 50 mass% further preferably 0.5 to 30
wei ght % When the concentration is as described, the
viscosity is hardly high, so that the workability can be
prevented from being inpaired, and the anount of the
sol vent is not excessive, so that the solution can be
prepared econom cal ly.

[ 0097]

The solvent used in this event is not particularly
limted, as long as it is capable of dissolving the
obt ai ned conpound. Specific exanples of the sol vent

i ncl ude ketones, such as cycl ohexanone and net hyl - 2- anyl
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ket one; al cohols, such as 3-nethoxybutanol, 3-nethyl-3-
met hoxybut anol , 1-nethoxy-2-propanol, and 1-ethoxy-2-
propanol ; ethers, such as propyl ene glycol nononethyl
et her, ethylene glycol nonomethyl ether, propyl ene
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
nononet 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, and propyl ene glycol nono-tert-butyl ether
acetate. As the solvent, one of these or a m xture of
two or nore thereof can be used.
[ 0098]

The reaction shown in STEP 2 progresses easily by a
known net hod, and as the acylating agent, an acid
chl oride or an acid anhydride corresponding to the
partial structure of the organic group R is preferable.
In an case where an acid chloride is used, it is
preferable to m x the conpound obtained in STEP 1 with
an acid chloride and a base, such as triethylam ne,
pyridi ne, and 4-di nethyl am nopyri di ne, successively or
si mul taneously without a solvent or in a solvent, such
as net hyl ene chloride, acetonitrile, toluene, and
hexane, and perform the reacti on under cooling or
heating and so forth as necessary. Meanwhile, in a case
where an acid anhydride is used, it is preferable to m Xx
t he compound obtained in STEP 1 with a base, such as
triethylam ne, pyridine, and 4-di nmethyl am nopyri di ne,
successively or sinmultaneously in a solvent, such as
toluene, and performthe reaction under, as necessary,

cooling or heating and so forth. The obtained reaction
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product can be subjected to a purification operation,
such as washing with water, and coll ected as a powder or
a solution. Exanples of the solvent in this event

i ncl ude those nentioned above, and the concentration in
this event is preferably 0.1 to 50 mass% further
preferably 0.5 to 30 mass%

[ 0099]

For the preparation of the fluorine-containing
conpound (B), obtained by these nethods, to be contained
in a conposition for form ng an organic film various
conpounds havi ng hydroxy groups can be used to adjust
appropriately the structure of the conpound and the
proportions of term nal-group-structures in accordance
with the required performance. For exanple, it is
possi bl e optionally to use in conbination a conpound
having a side-chain structure that contributes to the
enhancenment of planarizing property, a fluorine-
contai ni ng substituent for controlling surface tension
and so forth to change the surface activating ability,
etc. Therefore, when a conposition for form ng an
organic film containing such a conmpound is used for an
organi c underlayer film it is possible to achieve high
| evel s of various properties such as filmformbility
and filling property.

[ 0100]
[ Resin or Conpound (A) for Formng Organic Film

The resin or conpound (A) for form ng an organic
filmcontained in the inventive conposition for formng
an organic filmis not particularly limted as |long as
the material is a resin or conmpound that has sufficient
filmformability in spin-coating and curability. From
t he viewpoints of etching resistance, optica

characteristics, heat resistance, etc., a resin or
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conpound i ncluding an aromatic skeleton (different from
the fluorine-containing conpound (B)) is preferable.
[0101]

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, carbazole, etc. Anong these,
benzene, napht hal ene, fluorene, and carbazole are
particul arly preferable.

[0102]

The resin or conpound (A) for form ng an organic
filmcontained in the inventive conposition for formng
an organic filmis not limted to a resin or conpound
for form ng an organic underlayer film and may be, for
exanpl e, a resin or conmpound for formng a resist upper
| ayer film
[0103]

Exanpl es of the resin or conpound (A) for form ng
an organic filmused in the present invention include
resins containing the follow ng structures, disclosed in
JP 2012-001687 A and JP 2012-077295 A
[ 0104]

Ok‘m/4%1\
Pl » NN
J U U

In the fornula (1), the cyclic structures Arl and
Ar2 each independently represent a benzene ring or a

napht hal ene ring. X represents a single bond or an

a7



al kyl ene group having 1 to 20 carbon atons. “nf
represents 0 or 1. “n” represents any natural nunber

t hat provides a nol ecul ar wei ght of 100,000 or |ess.
Note that the definitions of the synmbols in the formula

apply only in this formula.

[ 0105]
OH | HO OH | HO
7\ aYe s Y
.-"f // /
O | O ) @
Arl A2
] E\;ﬂj 1

In the fornula (2), the cyclic structures Arl and
Ar2 each independently represent a benzene ring or a
napht hal ene ring. “n” represents any natural nunmber
t hat provides a weight-average nol ecul ar wei ght of
100, 000 or less as neasured by gel perneation
chromat ography in ternms of polystyrene. Note that the
definitions of the symbols in the formula apply only in
this fornul a.
[0106]

Furt her exanples of the resin or conpound (A) for
form ng an organic filmused in the present invention
i nclude resins containing the foll owing structures,
di scl osed in JP 2004-264710 A, JP 2005-043471 A, JP
2005- 250434 A, JP 2007-293294 A, and JP 2008-065303 A.
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[0107]

€CH—CH — £ CHy— CH —
R R )y
C/ Rl 1n ~ RI
R\ R\
OH OH

(3) (4)

In the fornula (3) and the formula (4), R! and R?
each i ndependently represent a hydrogen atom an al kyl
group having 1 to 3 carbon atons, or an aryl group; R
represents an al kyl group having 1 to 3 carbon atons, a

vinyl group, an allyl group, or an aryl group that is

optionally substituted; “n” represents 0 or 1; and “ni
represents 0, 1, or 2. Note that the definitions of the
synmbols in the fornul ae apply only in these fornul ae.

[ 0108]

Ry R
| ()

X5

RJH

In the formula (5), R. represents a nonoval ent atom
ot her than a hydrogen atom or a nonoval ent group; and
“n” represents an integer of 0 to 4. Here, when “n” is
2 to 4, the multiple R‘'s may be identical to or
different fromeach other. R: and Rs each independently
represent a nonoval ent atom or group. X represents a
di val ent group. Note that the definitions of the
synmbols in the fornmula apply only in this fornula.
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[ 0109]

\0 | N (6)
4
R%), (OR%)q ,\fR 3

In the formula (6), Ri represents a hydrogen atom
or a nmethyl group. R: represents a single bond, a
| i near, branched, or cyclic al kylene group having 1 to
20 carbon atons, or an arylene group having 6 to 10
carbon atonms, and nmay have any of ether, ester, |actone,
and am de. R3 and R* each represent a hydrogen atomor a
gl ycidyl group. X represents any polyner of any of a
hydr ocar bon i ncl udi ng an i ndene skel eton, a cycloolefin
having 3 to 10 carbon atonms, and nal ei m de, and may have
any of ether, ester, |actone, and carboxylic anhydride.
R> and RS each represent a hydrogen atom a fluorine
atom a nethyl group, or a trifluoronmethyl group. F
represents a hydrogen atom a |inear, branched, or

cyclic al kyl group having 1 to 6 carbon atons, a hydroxy

group, or an al koxycarbonyl group. “p” and “q” each
represent an integer of 1 to 4. “r” represents an
integer of 0 to 4. “a”, “b”, and “c¢” each satisfy 0.5 <

atb+c <1, 0 £ a < 0.8, 0£b<0.8, 0.1 £ a+b £ 0.8,
and 0.1 £ ¢ £ 0.8. Note that the definitions of the
synmbols in the fornmula apply only in this fornula.
[0110]

(7)

~“CH;—OR,
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In the formula (7), R. represents a hydrogen atom
or a nonoval ent organic group; and R: and Rs each
I ndependently represent a nonoval ent atom or a
nonoval ent organic group. Note that the definitions of
the synmbols in the fornmula apply only in this fornula.
[0111]

Furt her specific exanples of the resin or conpound
(A) for formng an organic filmused in the present
i nvention include resins containing the follow ng
structures, disclosed in JP 2004-205685 A, JP 2007-
171895 A, and JP 2009-014816 A.

[0112]
i 1 R R ]
R v S R4
R3 AN = Rﬁ
1 R° R® I m
ﬂ Rg R[ -

R"ﬂﬂ"’ @3_“ ®)

In the fornula (8) and the formula (9), Rl to R8
each i ndependently represent a hydrogen atom a hydroxy
group, an al kyl group having 1 to 6 carbon atons and
optionally being substituted, an al koxy group having 1
to 6 carbon atons and optionally being substituted, an
al koxycar boxy group having 2 to 6 carbon atonms and
optionally being substituted, an aryl group having 6 to
10 carbon atons and optionally being substituted, a
hydr oxyal kyl group having 1 to 6 carbon atons, an

i socyanate group, or a glycidyl group. “ni and “n” each
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represent a positive integer. Note that the definitions

of the synbols in the fornulae apply only in these

f or mul ae.
[ 0113]
L ) . 3
fa 7 b \C ) Rﬁ e
| ™ X = | R (10)
. 2
o .,\\ \|/ RSP
OH), g2

In the fornula (10), R! and RS each i ndependently
represent a hydrogen atomor a nethyl group. R R3 and
R* each i ndependently represent a hydrogen atom an al kyl
group having 1 to 4 carbon atons, an al koxy group, a
hydr oxy group, an acetoxy group, an al koxycarbonyl
group, or an aryl group having 6 to 10 carbon atons; RS
represents a condensed pol ycyclic hydrocarbon group
having 13 to 30 carbon atons, -OR’, -C(=0-0R’, -0
C(=0-R, or -C(=O0) -NR8-R’; “ni represents 1 or 2; “n”

‘p
integer of 0 to 6. R’ represents an organic group having

represents an integer of 0 to 4; and represents an
7 to 30 carbon atons; R8 represents a hydrogen atom or a
hydr ocar bon group having 1 to 6 carbon atons. Z
represents a nethylene group, -0, -S-, or -NH-. *“a’,
“b”, “c¢”, “d”, and “e” each satisfy 0 < a < 1.0, 0 £ Db <
0.8, 0 £c<0.8, 0<d<0.8, 0< e <0.8, and 0 <
b+c+d+e < 1.0. Note that the definitions of the synbols
in the fornmula apply only in this fornul a.
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[0114]

nb 9

(/ (:S\ \?K;V////\pzlj Z \\ (11)
\ K/\/\/v\) /

1 c=—¢C 2
In the formula (11), “n” represents 0 or 1. R!

Il

represents a methylene group that is optionally
substituted, an al kyl ene group having 2 to 20 carbon
atonms and optionally being substituted, or an aryl ene
group having 6 to 20 carbon atons and optionally being
substituted. R? represents a hydrogen atom an al kyl
group having 1 to 20 carbon atons and optionally being
substituted, or an aryl group having 6 to 20 carbon
atons and optionally being substituted. R3 to R’ each
i ndependently represent a hydroxy group, an al kyl group
having 1 to 6 carbon atons and optionally being
substituted, an al koxy group having 1 to 6 carbon atons
and optionally being substituted, an al koxycar bonyl
group having 2 to 10 carbon atons and optionally being
substituted, an aryl group having 6 to 14 carbon atons
and optionally being substituted, or a glycidyl ether
group having 2 to 6 carbon atons and optionally being
substituted. R® represents a hydrogen atom a |inear
branched, or cyclic al kyl group having 1 to 10 carbon
atons, a linear, branched, or cyclic al kyl ether group
having 1 to 10 carbon atonms, or an aryl group having 6
to 10 carbon atons. Note that the definitions of the
synbols in the formula apply only in this fornula.
[ 0115]

Exanpl es of the resin represented by the fornula

(11) include the follow ng resins.
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Furt her exanples of the resin or compound (A) for
formng an organic filmused in the present invention
I nclude resins containing the foll owing structures,
di scl osed in JP 2007-199653 A, JP 2008-274250 A, and JP
2010- 122656 A.
[0119]

(12)

In the fornula (12), R! and R?2 are identical to or
different from each other and each i ndependently
represent a hydrogen atom a |linear, 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 atons; R3 represents a single bond or a
| i near, branched, or cyclic al kylene group having 1 to
30 carbon atons, and optionally has a bridged cyclic
hydr ocar bon group, a double bond, a heteroatom or an
aromati c group having 6 to 30 carbon atonms; R* and R
each i ndependently represent a hydrogen atom or a
gl ycidyl group; and “n” represents an integer of 1 to 4.
Note that the definitions of the synmbols in the formula
apply only in this fornula.

[ 0120]

(13)
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In the fornula (13), R! and R?2 are identical to or
different fromeach other and each i ndependently
represent a hydrogen atom a linear, branched, or cyclic
al kyl group having 1 to 10 carbon atoms, an aryl group
having 6 to 10 carbon atoms, or an al kenyl group having
2 to 10 carbon atons; R3 represents a single bond or a
| i near, branched, or cyclic al kyl ene group having 1 to
30 carbon atoms, and optionally has a bridged cyclic
hydr ocar bon group, a double bond, a heteroatom or an
aromatic group having 6 to 30 carbon atons; R* and R®
each i ndependently represent a hydrogen atom or a
gl ycidyl group; and R represents a single bond or a
| i near or branched al kyl ene group having 1 to 10 carbon

atonms. Note that the definitions of the synbols in the

formula apply only in this formnul a.
[0121]

(14)

In the fornula (14), the ring Z! and the ring Z2
each represent a condensed pol ycyclic aromatic
hydrocarbon ring; and R'a, Rb, R2a and R2b are identical
to or different fromeach other and each represent a
substituent. “k1” and “k2” may be identical to or
different fromeach other and each represent 0 or an
integer of 1 to 4; “ml” and “nR” each represent 0 or an
i nteger of 1 or nmore; and “nl” and “n2” each

i ndependently represent 0 or an integer of 1 or nore.
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Here, nl+n2 2 1. Note that the definitions of the
synmbols in the fornmula apply only in this fornula.
[0122]

(15)

n

In the formula (15), R: and R are identical to or
different fromeach other, and each represent a hydrogen
atom a l|linear, 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.
R® and R* each independently represent a hydrogen atom or
a glycidyl group; R° represents a single bond or a linear
or branched al kyl ene group having 1 to 10 carbon atons;
and RS and R’ each independently represent a benzene ring

P

2. “n” satisfies 0 < n £ 1. Note that the definitions

or a napht hal ene ring. and “q” each represent 1 or
of the synmbols in the fornula apply only in this
formul a.
[0123]

Exanpl es of the resin represented by the fornula
(15) include the follow ng resins.
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[0128]
Furt her exanples of the resin or conpound (A) for
formng an organic filmused in the present invention
i nclude resins containing the foll owi ng structure,
di scl osed in JP 2012-214720 A
[0129]

(16)

In the fornula (16), the cyclic structures Arl and
Ar2 each independently represent a benzene ring or a

napht hal ene ring. x” and “z” each independently
represent 0 or 1. Note that the definitions of the
synbols in the formula apply only in this fornula.
[ 0130]

Exanpl es of the resin or conpound (A) for form ng
an organic filmused in the present invention include
resins disclosed in JP 2014-029435 A.

[0131]

et

In the fornmula (17), A represents a structure
havi ng carbazole, B represents a structure having an
aromatic ring, and C represents a hydrogen atom an
al kyl group, or a structure having an aromatic ring, B

and C optionally constituting a ring with each other.
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One to four carboxyl groups, a salt thereof, or a
carboxylic acid ester group is contained in the conbined
structure of A, B, and C. Note that the definitions of
the synmbols in the fornmula apply only in this fornula.
[0132]

Furt her exanples of the resin or compound (A) for
formng an organic filmused in the present invention
I ncl ude pol yners disclosed in WO 2012/ 077640 Al, the
pol ymers containing a unit structure represented by the
followng formula (18) and a unit structure represented
by the following formula (19), where the ratio of the
unit structure represented by the fornula (18) to the
unit structure represented by the fornmula (19) is 3 to
97 : 97 to 3 by nolar ratio.
[0133]

(Rl)nl (RE)HB
AN B
RtUtans
N
I

18
Rs (18)

[ 0134]

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 the groups, optionally
i ncludi ng an ether bond, a ketone bond, or an ester
bond. Rs represents a hydrogen atom 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 the groups, optionally

i ncludi ng an ether bond, a ketone bond, or an ester
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bond. R4 represents a hydrogen atom or an aryl group or
het erocyclic group having 6 to 40 carbon atonms and
optionally being substituted with a hal ogen atom a
nitro group, an am no group, or a hydroxy group; Rs
represents a hydrogen atom or an al kyl group having 1
to 10 carbon atons optionally substituted with a hal ogen
atom a nitro group, an am no group or a hydroxy group,
aryl group having 6 to 40 carbon atons optionally
substituted with a hal ogen atom a nitro group, an ani no
group or a hydroxy group, or heterocyclic group
optionally substituted with a hal ogen atom a nitro
group, an am no group or a hydroxy group; and Rs and Rs
may forma ring with each other. “nl” and “n2” each
represent an integer of 1 to 3. Note that the
definitions of the symbols in the formula apply only in
this fornul a.

[ 0135]

(Re)ng
T
Rg

(Rr)my

In the fornula (19), Ar represents an aromatic ring
group having 6 to 20 carbon atons; Rs represents a
hydr oxy group; and 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 atons, an al kenyl group
having 2 to 10 carbon atonms, an aryl group having 6 to
40 carbon atons, or a conbination of the groups,
optionally including an ether bond, a ketone bond, or an
ester bond. Rs represents a hydrogen atom or an aryl
group or heterocyclic group having 6 to 40 carbon atons

and optionally substituted with a hal ogen atom a nitro
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group, an am no group, or a hydroxy group; Re represents
a hydrogen atom or an alkyl group having 1 to 10 carbon
atoms optionally substituted with a hal ogen atom a
nitro group, an am no group, or a hydroxy group, an aryl
group having 6 to 40 carbon atons optionally substituted
with a hal ogen atom a nitro group, an am no group, or a
hydr oxy group, or a heterocyclic group optionally
substituted with a hal ogen atom a nitro group, an an no
group, or a hydroxy group; and Rs and Ry may forma ring

with each other. “n6” represents an integer of 1 to

P

“p”, “n7” represents an integer of p-n6. Here, IS
t he maxi mum nunber of substituents with which the
aromatic ring group Ar can be substituted. Note that
the definitions of the synbols in the formula apply only
in this formul a.
[ 0136]

Furt her exanples of the resin or compound (A) for
formng an organic filmused in the present invention
i nclude polyners containing a unit structure represented
by the followi ng forrmula (20), disclosed in WO
2010/ 147155 A1l.

[0137]

(R1)n] ( 2\)[12
h
%/ N | ) (20)

Ry
In the formula (20), R: and R are each
i ndependent|ly selected fromthe group consisting of a
hydrogen atom a hal ogen group, a nitro group, an am no
group, a hydroxy group, alkyl groups having 1 to 10
carbon atons, al kenyl groups having 2 to 10 carbon

atonms, aryl groups having 6 to 40 carbon atons, and

66



conbi nati ons thereof, the al kyl groups, the al kenyl
groups, or the aryl groups optionally containing an
et her bond, a ketone bond, or an ester bond; Rs: is
selected fromthe group consisting of a hydrogen atom
al kyl groups having 1 to 10 carbon atons, al kenyl groups
having 2 to 10 carbon atoms, aryl groups having 6 to 40
carbon atons, and conbi nations thereof, the alkyl
groups, the al kenyl groups, or the aryl groups
optionally containing an ether bond, a ketone bond, or
an ester bond; R4 represents an aryl group or
het erocyclic group having 6 to 40 carbon atons, the aryl
group or the heterocyclic group optionally substituted
with a hal ogen group, a nitro group, an am no group, or
a hydroxy group; Rs represents a hydrogen atom or an
al kyl group having 1 to 10 carbon atonms or an aryl group
or heterocyclic group having 6 to 40 carbon atons, the
al kyl group, the aryl group or the heterocyclic group
optionally substituted with a hal ogen group, a nitro
group, an am no group, or a hydroxy group; Rs and Rs
optionally forma ring together with the carbon atom
bonded to R4+ and Rs; and “nl” and “n2” each represent an
integer of 1 to 3. Note that the definitions of the
synmbols in the fornmula apply only in this fornula.
[ 0138]

Furt her exanples of the resin or compound (A) for
formng an organic filmused in the present invention
i ncl ude: novol ak resins obtained by a reaction between
one or nore phenols, such as phenol, cresol, xylenol,
cat echol, resorcinol, hydroqui none, pyrogallol,
hydr oxyqui nol, and phl orogl uci nol, and one or nore
al dehyde sources, such as fornmal dehyde,
par af or mal dehyde, and trioxane, in the presence of an

acid catalyst; and resins containing a repeating unit
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structure represented by the following fornula (21),
di sclosed in WO 2012/176767 Al.
[0139]

( \)/
21

In the fornmula (21), A represents a hydroxy group-
substituted phenyl ene group derived from
pol yhydr oxybenzene; and B represents a nonoval ent
condensed aromati c hydrocarbon ring group in which two
to six benzene rings are condensed. Note that the
definitions of the synmbols in the formula apply only in
this fornul a.
[ 0140]

Furt her exanples of the resin or compound (A) for
formng an organic filmused in the present invention
i ncl ude novol ak resins having a fluorene or
t et rahydrospirobii ndene structure, disclosed in JP 2005-
128509 A, JP 2006- 259249 A, JP 2006-259482 A, JP 2006-
293298 A, and JP 2007-316282 A, the novol ak resins
containing a repeating unit structure represented by the
followng fornmula (22-1) or (22-2).
[ 0141]
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®R'Y OR? (R OR'ps

Wy WA

(22—1)

(22—2)

In the fornula (22-1) and the formula (22-2), R,
R2, R6, and R’ each independently 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, an allyl group, or a halogen atom R3, R4 R8 and
R% each i ndependently represent a hydrogen atom a
| i near, branched, or cyclic alkyl 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 atons, or a glycidyl group; and RS and R
each i ndependently represent a hydrogen atom a |inear,
branched, or cyclic al kyl group having 1 to 10 carbon

atonms, or an aryl group having 6 to 10 carbon atons.

n”, “n, “p”, and “q” each represent an integer of 1 to
3. R to R!3 each independently represent a hydrogen
atom a halogen atom a hydroxy group, a |inear

branched, or cyclic al kyl group having 1 to 6 carbon

atonms, or a linear, branched, or cyclic al koxy group
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having 1 to 6 carbon atons. Note that the definitions
of the synbols in the fornulae apply only in these
f ormul ae.
[0142]

Furt her exanples of the resin or compound (A) for
form ng an organic filmused in the present invention
i nclude reaction products obtained by a nethod discl osed
in JP 2012-145897 A. More specific exanples include
pol ymers obtai ned by condensi ng one or nore conpounds
represented by the follow ng general fornula (23-1)
and/ or (23-2) and one or nore compounds represented by
the follow ng general formula (24-1) and/or (24-2)
and/ or an equi val ent thereof.
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R;\ /R3
e
R2 R4 (23—1)
R> R’
RG%/\RS (23“"‘“2)

In the general forrmula (23-1) and the general
formula (23-2), R to R8 each independently represent a
hydr ogen atom a hal ogen atom a hydroxy group, an
I socyanato group, a glycidyloxy group, a carboxyl group,
an am no group, an al koxy group having 1 to 30 carbon
at oms, an al koxycarbonyl group having 1 to 30 carbon
atoms, an al kanoyl oxy group having 1 to 30 carbon atons,
or a saturated or unsaturated organic group having 1 to
30 carbon atonms and optionally being substituted.
Furthernmore, any two substituents selected from each of
Rlto R* or R to R8¢ may be bonded to each other within a
mol ecule to forma cyclic substituent. Note that the
definitions of the synmbols in the formulae apply only in
these fornul ae.

[ 0144]

Qng (OH)H'i
t/;lcr-lo (24—1)
/;J

QnB Qn5 (OH)FI3

Eﬁi:ffwiCHCJ
N (24—2)

(OH)ry

In the general fornmula (24-1) and the general
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formula (24-2), Q represents an organic group having 1
to 30 carbon atons and optionally being substituted, and
furthernmore, any two Qs selected therefrom are
optionally bonded with each other within a nolecule to
forma cyclic substituent. “nl” to “n6” each represent
the nunber of each substituent, “nl” to “n6” are each

I ndependently 0, 1, or 2, and in the fornula (24-1),
hydr oxybenzal dehyde is excluded. Meanwhile, in the
formula (24-2), the relationships 0 < n3+n5 < 3, 0 <
n4+n6 < 4, and 1 £ n3+n4 < 4 are satisfied. ©Note that
the definitions of the synbols in the formul ae apply
only in these formul ae.

[ 0145]

Furt her exanples also include polyners obtained by
condensi ng one or nore conmpounds represented by the
general formula (23-1) and/or (23-2), one or nore
conpounds represented by the general fornula (24-1)
and/ or (24-2) and/or an equival ent thereof, and one or
nore conpounds represented by the foll ow ng general
formul a (25) and/ or an equival ent thereof.

[ 0146]
Y—-CHO (25)

In the formula (25), Y represents a hydrogen atom
or a nonoval ent organic group having 30 or fewer carbon
atonms and optionally having a substituent, and the
formula (25) is different fromthe general fornula (24-
1) and the general formula (24-2). Note that the
definition of the synmbol in the fornula applies only in
this formula.

[0147]

Furt her exanples of the resin or conpound (A) for

formng an organic filmused in the present invention

i ncl ude conpounds containing the follow ng structure,
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di sclosed in JP 2017-119671 A.
[ 0148]

R_Fx)m (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 any of the follow ng
general fornmulae (26-2); and “ml” represents an integer
that satisfies 2 < ml £ 10. Note that the definitions
of the symbols in the fornula apply only in this

formul a.
[0149]
( Xa :‘]n5
X= o TFH\‘I/AE’/L/O
] f’*‘x\ﬁ@’ (26—2)
NN i~dﬁk:;iJﬁmx3)n5

In the fornulae, X2 represents a dival ent 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 foll ow ng general fornmula (26-3); and
“n5” represents 0, 1, or 2. Note that the definitions
of the symbols in the fornulae apply only in these
formul ae.

[ 0150]

a_ /~—\ OR"
X°= —CHr )

(26—3)

In the fornula, R represents a hydrogen atom or a
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saturated or unsaturated hydrocarbon group having 1 to
10 carbon atons, and a hydrogen atom on the benzene ring
in the formula may be substituted with a nethyl group or
a nethoxy group. Note that the definition of the synbol
in the fornmula applies only in this fornula.
[ 0151]

Exanpl es of the conpounds containing the above-
descri bed structures include the follow ng conpounds.
[ 0152]
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[ 0153]

Furt her exanples of the resin or conmpound (A) for
formng an organic filmused in the present invention
i nclude polyners having a repeating unit represented by
the follow ng general formula (27-1), disclosed in JP
2019- 044022 A
[ 0154]
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/ ’ d ~ N R1 \

r ;ARﬂT 1AR2\ (27—1)
[ AN ~~ |

\ n R? /

/

In the fornula (27-1), ARl and AR2 each represent a
benzene ring or naphthal ene ring optionally having a
substituent. R! and R? each independently represent a
hydrogen atom or an organic group having 1 to 30 carbon
atoms, and when R! and R? each represent an organic

group, R! and R2 are optionally bonded to each other

within a nolecule to forma cyclic organic group. n
represents 0 or 1; when n = 0, ARl and AR2 do not form a
bri dged structure between the aromatic rings of ARl and
AR2 via Z; when n = 1, ARl and AR2 form a bridged
structure between the aromatic rings of ARL and AR2 vi a
Z, and Z represents a single bond or one of the
follow ng fornmulae (27-2). Y represents a group
represented by the following formula (27-3). Note that
the definitions of the synbols in the formula apply only
in this formul a.

[ 0155]
_CHQ_ _CHQ_CHZ_ S~ —— —8— _,_,J\ / ..... 4{\ ﬁ\

~-R3-C=C—-R4 (27-3)

In the fornmula (27-3), R3 represents a single bond
or a divalent organic group having 1 to 20 carbon atons;
R* represents a hydrogen atom or a nonoval ent organic
group having 1 to 20 carbon atons; and a broken |ine
represents an attachnment point. Note that the
definitions of the synmbols in the formula apply only in
this fornul a.

[ 0156]
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Exanpl es of the polynmers having a repeating unit
represented by the general fornula (27-1) include the

070w {0 5) (& (95:7
35‘5’ OB ﬁlf;%g
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[0158]

The resin or conpound (A) for form ng an organic
filmmay be synthesized by a known nethod, and a
commercially avail abl e product nay be used.
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[ 0159]

The amount of the resin or conmpound (A) for form ng
an organic filmto be contained is not particularly
limted as long as sufficient filmformability can be
achi eved on spin-coating with the conposition for
formng an organic film but the resin or compound (A)
for formng an organic filmis preferably contained in
an amount of 10 to 40 parts by mass, nore preferably 10
to 30 parts by nmass, and further preferably 10 to 25
parts by mass, based on 100 parts by mass of the
conposition for formng an organic film For exanple,
when a hole or trench, having a very high aspect ratio,
of a 3D NAND nmenory architecture is to be filled with
t he conposition for formng an organic film the
cont ai ned amount of the resin for form ng an organic
filmneeds to be large. However, on the other hand,
such a conposition for form ng an organic filmis highly
vi scous, and in-plane uniformty after spin-coating and
filling property are degraded. Even when the resin or
conpound (A) for formng an organic filmis contained in
such a proportion, the inventive conposition for form ng
an organic filmmakes it possible to form an organic
film having excellent in-plane uniformty and excell ent
filling property, and can therefore be applied suitably.
[ 0160]

Meanwhi | e, the fluorine-containing conpound (B) is
preferably contained in an anount of 0.01 parts by mass
to 5 parts by mass based on 100 parts by mass of the
resin or conpound (A) for formng an organic film A
conposition for formng an organic film containing the
conpound in such an amount makes it possible to form an
organic filmwth better in-plane uniformty.

[0161]
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[ Sol vent (Q)]

The solvent (C) usable for the inventive
conposition for formng an organic filmis not
particularly limted as long as the solvent can dissolve
the resin or conpound (A) for formng an organic film
and the fluorine-containing conpound (B), and the
sol vent can preferably also dissolve the acid generator,
crosslinking agent, a further surfactant, etc. described
| ater. Specifically, it is possible to use a solvent
having a boiling point |ower than 180°C, such as the
sol vents disclosed in paragraphs (0091) and (0092) of JP
2007-199653 A. In particular, preferable solvents are
propyl ene gl ycol nonomethyl ether acetate, propylene
gl ycol nononet hyl ether, 2-heptanone, cycl opentanone,
cycl ohexanone, and m xtures of two or nore thereof.
[0162]

The solvent (C) is preferably contained in an
ampunt of 200 to 10, 000 parts by mass, nore preferably
300 to 5,000 parts based on 100 parts by nmass of the
resin or conpound (A) for form ng an organic film Wen
the amobunt is in such a range, the concentration is
adjustable in accordance with the desired film
t hi ckness.

[0163]

Furthernmore, the inventive conposition for formng
an organic filmmy al so contain, as an organi c sol vent,
bei ng the solvent (C), a high-boiling-point solvent,
having a boiling point of 180°C or higher, in addition
to the above-described sol vent having a boiling point of
| ower than 180°C (a m xture of a solvent having a
boiling point of |ower than 180°C and a solvent having a
boiling point of 180°C or higher). Note that the

boiling point herein is a boiling point at standard
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at nosphere (1013 hPa). The high-boiling-point organic
solvent is not particularly limted to hydrocarbons,

al cohol s, ketones, esters, ethers, or chlorine-based
solvents as long as the solvent is capable of dissolving
the resin or conpound (A) for formng an organic film
and the fluorine-containing conpound (B). Specific
exanmpl es i nclude 1-octanol, 2-ethyl hexanol, 1-nonanol,
1-decanol, 1-undecanol, ethylene glycol, 1,2-propylene
glycol, 1, 3-butylene glycol, 2,4-pentanediol, 2-nethyl-
2, 4- pent anedi ol , 2, 5-hexanediol, 2,4-heptanediol, 2-

et hyl - 1, 3- hexanedi ol , diethylene glycol, dipropylene

gl ycol, triethylene glycol, tripropylene glycol

gl ycerin, n-nonyl acetate, ethylene glycol nonohexyl

et her, ethylene glycol nono-2-ethyl hexyl ether, ethylene
gl ycol nonophenyl ether, ethylene glycol nonobenzyl

et her, diethylene glycol nonoethyl ether, diethylene

gl ycol nonoi sopropyl ether, diethylene glycol nono-n-
butyl ether, diethylene glycol nonoi sobutyl ether,

di et hyl ene gl ycol nonohexyl ether, diethylene glycol
nonophenyl ether, diethylene glycol nmonobenzyl ether,

di et hyl ene glycol diethyl ether, diethylene glycol

di butyl ether, diethylene glycol butyl methyl ether,
triethylene glycol dinethyl ether, triethylene glycol
nonomet hyl ether, triethylene glycol-n-butyl ether,
triethylene glycol butyl nmethyl ether, triethylene

gl ycol diacetate, tetraethyl ene glycol dinethyl ether,
di propyl ene gl ycol nononet hyl ether, dipropylene glycol
nono- n- propyl ether, dipropylene glycol nono-n-butyl
ether, tripropylene glycol dinethyl ether, tripropyl ene
gl ycol nononmet hyl ether, tripropylene glycol nono-n-
propyl ether, tripropylene glycol nono-n-butyl ether,

et hyl ene gl ycol nonoethyl ether acetate, ethylene glycol

nonobutyl ether acetate, diethylene glycol nononethyl
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et her acetate, diethylene glycol nonoethyl ether
acetate, diethylene glycol nonobutyl ether acetate,
triacetin, propylene glycol diacetate, dipropylene

gl ycol nononmet hyl ether acetate, dipropylene glycol

met hyl - n- propyl ether, dipropylene glycol nethyl ether
acetate, 1,4-butanediol diacetate, 1, 3-butylene glycol
diacetate, 1,6-hexanediol diacetate, y-butyrolactone,
di hexyl mal onate, diethyl succinate, dipropyl succinate,
di butyl succinate, dihexyl succinate, dinethyl adipate,
di et hyl adi pate, dibutyl adipate, and the |ike. One of
t he solvents may be used or a m xture of two or nore

ki nds may be used.

[0164]

The boiling point of the high-boiling-point solvent
can be selected appropriately in accordance with the
tenperature at which the resin or conmpound (A) for
formng an organic filmis heated, and the boiling point
of the high-boiling-point solvent to be contained is
preferably 180°C to 300°C, further preferably 200°C to
300°C. When the boiling point is as described,
sufficient thermal flowability can be achieved, since
there is no risk of excessive evaporation rate at the
baki ng (heating) due to the boiling point being too |ow.
Mor eover, a solvent having such a boiling point does not
remain in the filmwthout evaporating even after the
baki ng due to the boiling point being too high.
Therefore, there is no risk of the solvent adversely
af fecting the physical properties, such as etching
resi stance, of the film
[ 0165]

Furt hernore, when the high-boiling-point solvent is
used, the amount to be blended is preferably 1 to 30

parts by mass per 100 parts by mass of the sol vent
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having a boiling point of |lower than 180°C. When the
cont ai ned anount is as described, sufficient thermal
flowability can be inparted at the time of baking, and
there is no risk that the solvent remains in the film
and | eads to degradation of physical properties, such as
etching resistance, of the film

[0166]

The above-descri bed conposition for form ng an
organic filmis provided with both high filling property
and excel l ent planarizing property by thermal
flowability being inparted to the resin or compound (A)
for formng an organic filmby virtue of the high-
boi | i ng- poi nt sol vent bei ng contai ned.

[0167]
[ & her Conponent s]

I n addition, the inventive conposition for formng
an organic filmcan contain an acid generator or a
crosslinking agent for further pronmoting the
crosslinking reaction.

[0168]

Acid generators include materials that generate an
acid by thermal deconposition and materials that
generate an acid by light irradiation, and any acid
generator can be contained. Specific exanples of the
acid generator include those disclosed in paragraphs
[0061] to [0085] of JP 2007-199653 A. One kind of the
acid generator may be used, or two or nore kinds thereof
may be used in conbination. Wen the acid generator is
cont ai ned, the contained amount is preferably 0.05 to 50
parts by mass, nore preferably 0.1 to 10 parts by nmss
based on 100 parts by mass of the resin or conpound (A)
for formng an organic film \Wen the anount is as

described, it is possible to pronote the crosslinking
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reaction and forma dense film
[0169]

Specific exanples of the crosslinking agent include
t hose discl osed in paragraphs [0055] to [0060] of JP
2007-199653 A. One kind of the crosslinking agent may
be used, or two or nore kinds thereof may be used in
conbi nation. The crosslinking agent is preferably
contained in an amount of 1 to 100 parts by nass, nore
preferably 5 to 50 parts by nmass based on 100 parts by
mass of the resin or conpound (A) for form ng an organic
film When the anount is as described, it is possible
to enhance curability and further suppress interm xing
with an upper layer film
[0170]

The inventive conmposition for formng an organic
filmcan al so contain an additional surfactant other
than the fluorine-containing conpound (B) of the present
invention, in order to further inprove in-plane
uniformty in spin-coating. Specific exanples of the
addi tional surfactant include those disclosed in
paragraphs [0142] to [0147] of JP 2009-269953 A. One
kind of the additional surfactant may be used, or two or
nore ki nds thereof may be used in conbination. Wen the
addi tional surfactant is contained, the contained anmpunt
is preferably 0.01 to 10 parts by nass, nore preferably
0.05 to 5 parts by mass based on 100 parts by nass of
the resin or conpound (A) for formng an organic film
When the anopunt is as described, it is possible to form
an organic filmexcellent in in-plane uniformty.

[0171]

The inventive conposition for form ng an organic

filmcan further contain a basic conpound for enhancing

storage stability. The basic conpound serves as a
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quencher to an acid to prevent a very small anmount of
acid generated by the acid generator from pronoting the
crosslinking reaction. Specific exanples of such a
basi ¢ compound i nclude those disclosed in paragraphs
[0086] to [0090] of JP 2007-199653 A. One kind of the
basi ¢ compound may be used, or two or nore Kkinds thereof
may be used in conbination. Wen the basic conpound is
cont ai ned, the contained anount is preferably 0.05 to 50
parts by mass, nore preferably 0.1 to 10 parts by nmss
based on 100 parts by mass of the resin or conpound (A)
for formng an organic film \Wen the anount is as
described, it is possible to inprove the storage
stability of the conposition for form ng an organic
film

[0172]

Such a conposition for formng an organic filmis
excellent in in-plane uniformty and filling property
and makes it possible to forman organic filmin which
the formation of a hunp due to the effect of a renover
in an EBR process has been suppressed. Furthernore, by
i ntroducing, as a partial structure, a structure having
multiple fluorine atoms into the fluorine-containing
conpound (B), the fluorine-containing conpound (B)
volatilizes fromthe surface of the organic film by
virtue of the baking at the time of cured-film formation
in a case where an organi c underlayer filmis formed,
and the conpound is renmoved fromwithin the film
Therefore, the conposition for form ng an organic film
makes it possible to forman organic filmexcellent in
the coating property of a silicon-containing mddle
| ayer filmon the organic filmand has an excel | ent
process margin.

[0173]
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I n particular, as described above, the inventive
conposition for formng an organic filmis excellent in
hunp suppression at the tinme of an EBR process.
Accordingly, the inventive conposition for form ng an
organic filmis extrenely useful as a resist underlayer
filmmaterial (organic filmmterial) for nultilayer
resi st processes such as two-1layer resist processes,

t hree-l ayer resist processes using a silicon-containing
resist mddle layer filmor a silicon-containing

i norgani ¢ hard mask m ddle layer film and four-I|ayer
resi st processes using a silicon-containing resist

m ddl e | ayer filmor silicon-containing inorganic hard
mask m ddle |ayer filmand an organic antirefl ective
filmor adhesive film

[0174]

[ Met hod for Form ng Organic Film

The present invention provides a nethod for form ng
an organic filmto be used in a manufacturing process of
a sem conduct or devi ce, the method including:

spin-coating a substrate to be processed with the
i nventive conposition for formng an organic filmto
obtain a coating film and

formng a cured filmby heating the coating film at
a tenmperature of 100°C or higher and 600°C or | ower for
10 to 600 seconds.

[ 0175]

In this method for form ng an organic film
firstly, the inventive conposition for form ng an
organic film described above is applied onto a substrate
to be processed by spin-coating. An excellent filling
property can be obtained by using a spin-coating nethod.
After renmoving a filmon an edge portion in an EBR

process, baking (heating) is performed in order to
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pronote the crosslinking reaction. |Incidentally, the
solvent in the conposition can be evaporated by this
baki ng, and therefore, m xing can be prevented even when
a resist upper layer filmor a silicon-containing resist
mddle layer filmis formed on the organic film

[0176]

The baking is perfornmed at a tenperature of 100°C
or higher and 600°C or lower for 10 to 600 seconds,
preferably at a tenperature of 200°C or hi gher and 500°C
or lower for 10 to 300 seconds. Considering influence
on device damage and wafer deformation, the upper limt
of the heating tenperature in a wafer process of
i thography is preferably 600°C or | ower, nore
preferably 500°C or lower. By performng the heat
treat ment under such conditions, the crosslinking
reaction can be pronoted, and it is possible to form an
organic filmthat does not mx with a film forned
t her eon.

[0177]
[ Patterni ng Process]

In the follow ng, patterning processes using the
I nventive conposition for formng an organic filmwll
be descri bed.

[0178]
[ Three-Layer Resist Process Using Silicon-Containing
Resi st M ddl e Layer Film

The present invention provides a patterning process
i ncl udi ng:

form ng an organi c underlayer filmon a body to be
processed by using the inventive conposition for formng
an organic film

formng a resist mddle layer filmon the organic

underlayer filmby using a resist mddle |layer film
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material containing a silicon atom

formng a resist upper layer filmon the resist
m ddl e | ayer film by using a resist upper layer film
mat eri al containing a photoresist conposition;

forming a circuit pattern in the resist upper |ayer
film

transferring the pattern to the resist mddle |ayer
filmby etching while using the resist upper layer film
having the formed circuit pattern as a mask

transferring the pattern to the organi c underl ayer
filmby etching while using the resist mddle |layer film
having the transferred pattern as a mask; and

further transferring the pattern to the body to be
processed by etching while using the organic underl ayer
filmhaving the transferred pattern as a nmask.

[0179]

The body to be processed is preferably a
sem conductor device substrate or the sem conductor
devi ce substrate coated with any of a netal film a
metal carbide film a metal oxide film a metal nitride
film a nmetal oxycarbide film and a netal oxynitride
film for exanple. The body to be processed is not
particularly limted, but nore specifically, my be a
substrate made of Si, «o-Si, p-Si, Si0O2, SIiN, SiON, W
TiN, A, etc.; the substrate coated with the above-
mentioned nmetal filmor the like as a |ayer to be
processed; etc.

[ 0180]

Exanpl es of the layer to be processed include
various Lowk filnms made of Si, SiQ, SiON, SiN, p-Si, oa-
Si, W WSi, Al, Cu, AI-Si, or the |ike; and stopper
films thereof. Generally, the layer can be fornmed to
have a thickness of 50 to 10,000 nm particularly
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preferably 100 to 5,000 nm Note that when the |ayer to
be processed is formed, the substrate and the |ayer to
be processed are fornmed fromdifferent materials.

[0181]

I ncidentally, the nmetal constituting the body to be
processed preferably contains silicon, titanium
tungsten, hafnium zirconium chrom um germni um
copper, silver, gold, alum num indium gallium
arsenic, palladium iron, tantalum iridium nolybdenum
or an all oy thereof.

[0182]

When form ng an organic filmon the body to be
processed by using the inventive conposition for formng
an organic film the inventive nmethod for form ng an
organic film described above can be adopted, for
exanpl e, although the method is not limted thereto.
[0183]

Subsequently, a resist mddle layer film(silicon-
containing resist mddle layer film is formed on the
organi ¢ underlayer filmby using a resist mddle |ayer
filmmterial containing a silicon atom As the resist
m ddle |layer filmmterial containing a silicon atom a
pol ysi | oxane-based m ddle layer filmmaterial is
preferable. By inparting an antireflective effect to
the silicon-containing resist mddle [ayer film
reflection can be suppressed. Particularly, for 193-nm
i ght exposure, when a material containing many aromatic
groups and having high etching selectivity relative to
t he substrate is used as a conposition for form ng an
organic film the k-value and thus the substrate
reflection are increased; in contrast, the reflection
can be suppressed by inparting absorption to the

silicon-containing resist mddle layer filmso as to

89



have an appropriate k-value, and the substrate
reflection can be reduced to 0.5% or |less. As the
silicon-containing resist mddle layer film having an
antireflective effect, a polysiloxane is preferably used
whi ch has an anthryl group for 248-nm or 157-nm i ght
exposure, or a phenyl group or a light-absorbing group
having a silicon-silicon bond for 193-nm |ight exposure
in a pendant structure, and which is to be crosslinked
by an acid or heat.

[ 0184]

Subsequently, a resist upper layer filmis forned
on the silicon-containing resist mddle [ayer film by
using a resist upper layer filmmaterial containing a
phot oresi st conposition. The resist upper layer film
material may be a positive type or a negative type, and
a photoresist conposition that is normally used can be
used. After the spin-coating with the resist upper
| ayer filmmmaterial, pre-baking is preferably perfornmed
at 60 to 180°C for 10 to 300 seconds. Then, I|ight
exposure, post-exposure baking (PEB), and devel opnment
are perfornmed according to conventional nethods to
obtain a resist upper layer filmpattern. Note that the
t hi ckness of the resist upper layer filmis not
particularly limted, but is preferably 30 to 500 nm
particularly preferably 50 to 400 nm
[ 0185]

Subsequently, a circuit pattern (resist upper |ayer
filmpattern) is formed in the resist upper layer film
The circuit pattern is preferably fornmed by a
i thography using |ight having a wavel ength of 10 nm or
nore and 300 nmor less, a direct witing with electron
beam nanoi nmprinting, or a conbination thereof.

[ 0186]
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Exanpl es of exposure light include high-energy
beans having a wavel ength of 300 nm or | ess,
specifically, deep ultraviolet ray, KrF excimer | aser
beam (248 nm, ArF excinmer |aser beam (193 nm, F2 |aser
beam (157 nm, Kr. | aser beam (146 nm), Ar. | aser beam
(126 nm), soft X-ray (EUV) of 3 to 20 nm electron beam
(EB), ion beam X-ray, etc.

[0187]

Furthermore, the circuit pattern is preferably
devel oped with an al kali ne devel opnent or an organic
sol vent .

[ 0188]

Subsequently, the pattern is transferred to the
silicon-containing resist mddle layer film by etching
whil e using the resist upper layer film having the
formed circuit pattern as a mask. The etching of the
silicon-containing resist mddle |ayer film perforned
whil e using the resist upper layer filmpattern as a
mask is preferably performed by using a fluorocarbon-
based gas. Thus, the pattern (silicon-containing resist
m ddl e | ayer filmpattern) is transferred to the
silicon-containing resist mddle |layer film
[0189]

Subsequently, the pattern is transferred to the
organi ¢ underl ayer film by etching while using the
silicon-containing resist mddle |layer film having the
transferred pattern (silicon-containing resist mddle
| ayer film pattern) as a mask. The silicon-containing
resist mddle layer filmexhibits etching resistance to
oxygen gas or hydrogen gas, and therefore, the etching
of the organic film performed while using the silicon-
containing resist mddle |layer filmpattern as a mask is

preferably perforned by using an etching gas mainly
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cont ai ni ng oxygen gas or hydrogen gas. Thus, the
pattern (organic filmpattern) is transferred to the
organi ¢ underl ayer film

[ 0190]

Subsequently, the pattern is formed in the body to
be processed by etching while using the organic
underl ayer film having the transferred pattern (organic
under| ayer film pattern) as a mask.

[0191]

This etching of the body to be processed (layer to
be processed) can be perfornmed by a conventional nethod.
For exanple, a body to be processed nade of Si®, SiN, or
silica lowdielectric insulating filmis etched mainly
with a fluorocarbon-based gas; and a body to be
processed made of p-Si, A, or Wis etched mainly with a
chlorine- or brom ne-based gas. When the substrate is
processed by etching with a fluorocarbon-based gas, the
silicon-containing resist mddle layer filmpattern is
renoved when the body to be processed is processed.
Meanwhi | e, when the body to be processed is processed by
etching with a chlorine- or brom ne-based gas, the
silicon-containing resist mddle layer filmpattern
needs to be renoved by additional dry etching with a
fluorocarbon-based gas after the processing of the body
to be processed.

[0192]

The organi c underl ayer film obtained by using the
i nventive conposition for form ng an organic film can be
provided with excellent etching resistance when the body
to be processed is etched as described above.

[0193]
[ Four - Layer Resist Process Using Silicon-Containing
Resi st M ddle Layer Filmand Organic Antireflective Film
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or Adhesive Film

The present invention also provides a patterning
process incl uding:

form ng an organi c underlayer filmon a body to be
processed by using the inventive conposition for formng
an organic film

formng a resist mddle layer filmon the organic
underl ayer filmby using a resist mddle layer film
material containing a silicon atom

form ng an organic antireflective filmor an
adhesive filmon the resist mddle |ayer film

formng a resist upper layer filmon the organic
antireflective filmor the adhesive filmby using a
resi st upper layer filmmterial containing a
phot or esi st conposition;

formng a circuit pattern in the resist upper |ayer
film

transferring the pattern to the organic
antireflective filmor the adhesive filmand to the
resist mddle layer filmby etching while using the
resi st upper layer filmhaving the fornmed circuit
pattern as a mask;

transferring the pattern to the organi c underl ayer
filmby etching while using the resist mddle |layer film
having the transferred pattern as a mask; and

further transferring the pattern to the body to be
processed by etching while using the organic underl ayer
filmhaving the transferred pattern as a nmask.
[ 0194]

This method can be perforned in the same manner as
the three-layer resist process using the silicon-
containing resist mddle |ayer film except that the

organic antireflective film (BARC) or the adhesive film
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is fornmed between the silicon-containing resist mddle
| ayer filmand the resist upper layer film
[ 0195]

The organic antireflective filmand the adhesive
filmcan be forned by spin-coating by using a known
organic antireflective filmmateri al .

[ 0196]
[ Three-Layer Resist Process Using Inorganic Hard Mask
M ddl e Layer Filmn

The present invention also provides a patterning
process incl uding:

form ng an organic underlayer filmon a body to be
processed by using the inventive conposition for formng
an organic film

form ng an inorganic hard nmask selected fromthe
group consisting of a silicon oxide film a silicon
nitride film and a silicon oxynitride filmon the
organi ¢ underl ayer film

form ng a resist upper layer filmon the inorganic
hard mask by using a resist upper |layer filmmteri al
cont ai ni ng 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 resist upper layer film
having the fornmed circuit pattern as a mask;

transferring the pattern to the organi c underl ayer
filmby etching while using the inorganic hard mask
having the transferred pattern as a mask; and

further transferring the pattern to the body to be
processed by etching while using the organic underl ayer
filmhaving the transferred pattern as a mask.

[0197]
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This method can be perforned in the same manner as
the three-layer resist process using the silicon-
containing resist mddle |ayer film except that the
i norgani ¢ hard mask m ddle layer filmis formed instead
of the silicon-containing resist mddle [ayer filmon
t he organi c underl ayer film
[ 0198]

The inorganic hard mask m ddle |ayer film sel ected
fromthe group consisting of a silicon oxide film a
silicon nitride film and a silicon oxynitride film
(SION film can be forned, for exanple, by a CVD nethod,
an ALD net hod, etc. Exanples of nmethods for form ng the
silicon nitride filmare disclosed in JP 2002-334869 A,
WO 2004/ 066377 Al, etc. The inorganic hard mask m ddl e
| ayer film preferably has a thickness of 5 to 200 nm
nore preferably 10 to 100 nm As the inorganic hard
mask mddle layer film a SiON film which has a high
function as an antireflective film is the nost
preferably used.

[ 0199]

[ Four - Layer Resist Process Using |Inorganic Hard Mask
M ddl e Layer Filmand Organic Antireflective Film or
Adhesi ve Fil nm

The present invention also provides a patterning
process incl uding:

form ng an organic underlayer filmon a body to be
processed by using the inventive conposition for formng
an organic film

form ng an inorganic hard nask selected fromthe
group consisting of a silicon oxide film a silicon
nitride film and a silicon oxynitride filmon the
organi ¢ underl ayer film

form ng an organic antireflective filmor an
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adhesive filmon the inorganic hard mask;

formng a resist upper layer filmon the organic
antireflective filmor the adhesive filmby using a
resi st upper layer filmmterial containing a
phot or esi st conposition;

forming a circuit pattern in the resist upper |ayer
film

transferring the pattern to the organic
antireflective filmor the adhesive filmand to the
i norgani ¢ hard mask by etching while using the resist
upper layer filmhaving the fornmed circuit pattern as a
mask;

transferring the pattern to the organi c underl ayer
filmby etching while using the inorganic hard mask
having the transferred pattern as a mask; and

further transferring the pattern to the body to be
processed by etching while using the organic underl ayer
filmhaving the transferred pattern as a mask.

[ 0200]

This method can be perforned in the same manner as
the three-|layer resist process using the inorganic hard
mask m ddle layer film except that the organic
antireflective film (BARC) or the adhesive filmis
formed between the inorganic hard mask m ddl e |ayer film
and the resist upper layer film
[ 0201]

Particularly, when a SION filmis used as the
i norgani ¢ hard mask m ddle layer film two
antireflective filnms including the SiON film and the
BARC neke it possible to suppress the reflection even in
l'iquid imrersion exposure at a high NA exceeding 1.0.
Anot her nmerit of formng the BARC is having an effect of

reducing trailing of the resist upper layer filmpattern
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i mmedi ately above the SiON film
[ 0202]

Here, an exanple of the inventive patterning
processes according to a three-layer resist process is
shown in FIG 1 (A to (F). 1In the case of a three-
| ayer resist process, as shown in FIG 1 (A), an organic
underlayer film3 is formed by using the inventive
conposition for formng an organic filmon a layer 2 to
be processed (body to be processed) forned on a
substrate 1; then, a silicon-containing resist mddle
| ayer film4 is formed on the organic underlayer film 3;
and a resist upper layer filmb5 is fornmed thereon.

Next, as shown in FIG 1 (B), an exposure portion 6 of
the resist upper layer filmb5 is exposed, and then PEB
(post-exposure baking) is performed. Next, as shown in
FIG 1 (C), developnent is perfornmed to forma resist
upper |ayer filmpattern 5a. Next, as shown in FIG 1
(D), the silicon-containing resist mddle layer filmi4
is dry-etched by using a fluorocarbon-based gas while
using the resist upper layer filmpattern 5a as a nask,
and thus, a silicon-containing resist mddle [ayer film
pattern 4a is fornmed. Next, the resist upper layer film
pattern 5a is renmoved, then, as shown in FIG 1 (E), the
organi ¢ underlayer film3 is etched with oxygen pl asnma
whil e using the silicon-containing resist mddle |ayer
filmpattern 4a as a mask, and thus, an organic

underl ayer filmpattern 3a is formed. Furthernore, as
shown in FIG 1 (F), the silicon-containing resist

m ddl e |layer film pattern 4a is renoved, then the |ayer
2 to be processed is etched while using the organic
underl ayer filmpattern 3a as a mask, and thus, a
pattern 2a is forned.

[ 0203]
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In the patterning process of this exanple, by hunps
bei ng suppressed when the organic underlayer film3 is
formed, during the dry etching of FIG 1 (D), (E), and
(F), it is possible to reduce defects that are generated
due to hunmps of the organic underlayer film
[ 0204]

In a case where an inorganic hard mask m ddl e | ayer
filmis formed, the silicon-containing resist mddle
| ayer film 4 can be changed to an inorganic hard mask
m ddle layer film and in a case where a BARC or an
adhesive filmis formed, the BARC or the adhesive film
can be fornmed between the silicon-containing resist
m ddl e |layer film4 and the resist upper layer filmb5.
The etching of the BARC or the adhesive film may be
perfornmed continuously before the etching of the
silicon-containing resist mddle layer film4
alternatively, after the BARC or the adhesive film al one
is etched, the etching apparatus may be changed and so
forth, and then the etching of the silicon-containing
resist mddle layer film4 may be perforned.

[ 0205]

As descri bed above, the inventive patterning
processes make it possible to forma fine pattern in a
body to be processed with high precision according to a
mul til ayer resist process, and to suppress hunp
formation on an organic film thus reducing defects
derived from hunps of the organic underlayer film

EXAMPLES
[ 0206]

Herei nafter, the present invention will be further
specifically described with reference to Synthesis
Exanpl es, Conparative Synthesis Exanples, Exanmples, and

98



Conpar ative Exanples. However, the present invention is
not limted thereto. Note that, specifically, the
nol ecul ar wei ght was measured in the foll owm ng manner.
Wei ght - aver age nol ecul ar wei ght (Mv) and nunber-aver age
nol ecul ar wei ght (Mh) on pol ystyrene basis were nmeasured
by gel perneation chromatography (GPC) using
tetrahydrofuran as an eluent (solvent), and dispersity
(MM Wn) was cal cul ated therefrom
[ 0207]
[ Synt hesi s of Conpounds (Bl) to (B29)]

For the synthesis of fluorine-containing conpounds
(Bl) to (B29), used for the preparation of conpositions
(UDL-1 to UDL-56) for form ng an organic filmin the
Exanpl es of the present invention, the epoxy conmpounds
(El) to (E9) and hydroxy group-containing conpounds
(al cohol conpounds and carboxylic acid conmpounds) (F1)
to (F13) shown bel ow were used. Regarding nethods for
synt hesi zing the fluorine-containing conpounds (Bl to
B27), the synthesis method differs dependi ng on whet her
t he conmpound is a fluorine-containing conmpound (B1),
(B2), (B4) to (B13), (Bl15) to (B18), (B20), (B22),
(B25), and (B26), containing an ether structure, or a
fluorine-containing conpound (B3), (B14), (B19), (B21),
(B23), (B24), and (B27), containing an ester structure,
and the nethods are each shown | ater.
[ 0208]
Epoxy Conpound
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[ 0209]
Hydr oxy G oup- Cont ai ni ng Conpound (Al cohol Compound or
Car boxylic Acid Conpound)
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[ 0210]

CF3 P o)
HO™ CFs3 HO._ CF,CF3
HO” “CFj HO” “CF,CF2CF3 CF30H

(F1) (F2) (F3) (F4) (F5)

m

HO HO F
HO~crcry \I:::l\

OCF3 E F

(F6) (F7) (F8)

F
HO i i
N CF ,CF2CFCF3 HO o
F
HO
o F k@\

OCF3
(F9) (F10) (F11)
F
HO/\@\ HO F
OCF3 F F
F
(F12) (F13)

[0211]
[ Synt hesis Exanple 1] Synthesis of Fluorine-Containing
Di ol Compound (Bl) Containing Ether Structure

CF, Fy Fy CF4
F<:/LY3’“\T’"“C’C‘C’C‘T’“YJ’L“CF
3 F2 F2 3
OH OH (B1)
[0212]

Under a nitrogen atnosphere, 100.0 g of THF
(tetrahydrofuran) and 32.1 g (190.9 mml) of the al cohol
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conpound (F1l) were m xed and stirred in an ice bath to
form a honpbgeneous solution. To the honpbgeneous
solution, 21.4 g (190.9 mol) of potassiumt-butoxide
was added, and the m xture was stirred to forma
honbgeneous solution. After that, a m xed sol ution of
20.0 g (63.6 nmmol) of the epoxy conpound (E1) and 20.0 g
of THF was added dropwi se to the honobgeneous sol ution
over 30 m nutes, and then a reaction was allowed to take
pl ace at an internal tenperature of 60°C for 24 hours.
The reaction solution was cooled to roomtenperature,
and then the reaction was quenched with 100 m of

ul trapure water. Subsequently, the reaction solution
was diluted with 300 m of toluene, and the separated

| ower | ayer was renoved. The residue was washed tw ce
with 100 g of a 5% aqueous sol ution of potassium
hydroxi de, twice with 100 m of ultrapure water and 100
m of a 3.0% aqueous solution of nitric acid, and five
times with 100 g of ultrapure water in this order.

After that, the organic |ayer was evaporated under
reduced pressure to dryness. Thus, a conpound (Bl) was
obt ai ned.

[0213]

[ Synt hesi s Exanple 2] Synthesis of Fluorine-Containing
Di ol Compound (B3) Containing Ester Structure

® F Fy O

CFchchz)kO/Y\(F);C“(FJ’C\I/\OJJ\CF20F2CF3

? OH (B 3)
[ 0214]

Under a nitrogen atnosphere, 20.0 g (63.6 nmml) of
t he epoxy conmpound (El1), 28.6 g (133.6 mml) of the
carboxylic acid conpound (F4), 1.5 g (6.4 mmol) of

benzyl tri et hyl ammoni um chl ori de, and 100 g of 2-nmethoxy-
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1-propanol were m xed to form a honpbgeneous sol ution at
an internal tenperature of 80°C. The honbgeneous
solution was further stirred at an internal tenperature
of 100°C for 24 hours. The honmpbgeneous sol uti on was
cooled to roomtenperature, and then 200 m of toluene
was added thereto. After that, the honpbgeneous sol ution
was washed twice with 100 g of a 3% aqueous sol uti on of
NaHCG;, twice with 100 g of ultrapure water and 100 g of
a 3% aqueous solution of nitric acid, and five tinmes
with 100 g of ultrapure water in this order. After
that, the organic |ayer was evaporated under reduced
pressure to dryness. Thus, a conmpound (B3) was
obt ai ned.

[ 0215]

The fl uori ne-containing diol conpounds (B2), (B4),
and (B5) to (B27) were obtained as products under the
same reaction conditions as in Synthesis Exanple 1 or
Synt hesi s Exanmple 2, except that the epoxy conpounds and
hydr oxy group-contai ni ng conpounds shown in Table 1 were
used. The synthesis nmethod (Synthesis Exanple 1 or 2)
used for the synthesis of the conmpound is also shown in
the table.
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[0216]

[ Tabl e 1]
Epoxy Hydroxy' group-
containing
compound compound .
Compound Charged Charged Used synthesis method
Type | amount | Type | amount
(9) (9)
Bl E1l 20.0 F1 32.1 Synthesis Example 1
B2 E1l 20.0 F2 19.1 Synthesis Example 1
B3 E1 20.0 F3 28.6 Synthesis Example 2
B4 E2 9.1 F4 16.4 Synthesis Example 1
B5 E2 9.1 F1 32.1 Synthesis Example 1
B6 E2 9.1 F6 31.3 Synthesis Example 1
B7 E2 9.1 F7 34.0 Synthesis Example 1
B8 E2 9.1 F8 35.2 Synthesis Example 1
B9 E3 12.9 F2 19.1 Synthesis Example 1
B10 E3 12.9 F5 28.7 Synthesis Example 1
B11 E3 12.9 F8 35.2 Synthesis Example 1
B12 E4 14.7 F1 32.1 Synthesis Example 1
B13 E4 14.7 F9 50.4 Synthesis Example 1
B14 E4 14.7 F10 28.3 Synthesis Example 2
B15 E5 11.1 F5 28.7 Synthesis Example 1
B16 ES5 11.1 F7 34.0 Synthesis Example 1
B17 ES 11.1 F11 39.4 Synthesis Example 1
B18 E6 13.9 F12 36.7 Synthesis Example 1
B19 E6 13.9 F11 27.5 Synthesis Example 2
B20 E6 13.9 F13 37.8 Synthesis Example 1
B21 E6 13.9 F10 28.3 Synthesis Example 2
B22 E7 13.8 F5 28.7 Synthesis Example 1
B23 E7 13.8 F11 27.5 Synthesis Example 2
B24 ES8 12.8 F3 28.6 Synthesis Example 2
B25 ES8 12.8 F12 32.1 Synthesis Example 1
B26 E9 11.5 F1 36.7 Synthesis Example 1
B27 E9 11.5 F10 28.4 Synthesis Example 2
[0217]
[ Synt hesi s Exanpl e 3]

Synt hesi s of Fluorine-Containi ng Conpound (B28)
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FiC OM OCF,

0s_0 o\[,clr3

CF3

OCF3
(B28)

[ 0218]

10.0 g of the fluorine-containing conpound (B5),
5.8 g of pyridine, and 50 g of N-methylpyrrolidone were
m xed to obtain, under a nitrogen atnosphere, a
honobgeneous solution in an ice bath. To the honpbgeneous
solution, 14.1 g of 4-(trifluoronmethoxy)benzoyl chloride
was sl owmy added dropw se. After that, the m xture was
stirred in an ice bath for 1 hour. After that, the
tenperature was raised to 40°C in an oil bath, and a
reaction was allowed to take place for 12 hours. After
the reaction was conpleted, 100 m of IPE (diisopropyl
et her) was added to the reaction solution, and then,
while cooling in an ice bath, 50 g of ultrapure water
was slowmy added to quench the reaction. After the
guenchi ng, the reaction solution was transferred to a
separating funnel, the aqueous |ayer was renoved, and
the organic |layer was washed twice with 50 g of a 2%
aqueous solution of NaHCG;, twice with 50 g of a 3%
aqueous solution of nitric acid, and six tines with 50 g
of pure water. After that, the organic |ayer was
evapor at ed under reduced pressure to dryness. Thus, a
fluori ne-containing conpound (B28) was obt ai ned.
[ 0219]
Synt hesi s Exanple 4
Synt hesi s of Fluorine-Containi ng Conpound (B29)

105



FiCFo.C

3

Ooj\/ \/[Ov
ICaatans
F1CO cf’L“I::::L\
OCFs
[ 0220]

10.0 g of the fluorine-containing conmpound (B22),

CF4CF3

(B29)

5.4 g of pyridine, and 50 g of tetrahydrofuran were

m xed to obtain, under a nitrogen atnosphere, a
honbgeneous solution in an ice bath. To the honbgeneous
solution, 13.0 g of 4-(trifluoronmethoxy)benzoyl chloride
was slowmy added dropw se. After that, the m xture was
stirred in an ice bath for 1 hour. After that, the
tenperature was raised to 50°C in an oil bath, and a
reaction was allowed to take place for 12 hours. After
the reaction was conpleted, 100 m of IPE (diisopropyl

et her) was added to the reaction solution, and then,
while cooling in an ice bath, 50 g of ultrapure water
was sl owmy added to quench the reaction. After the
guenchi ng, the reaction solution was transferred to a
separating funnel, and the aqueous |ayer was renoved.
Subsequently, the organic |ayer was washed twice with 50
g of a 2% aqueous solution of NaHCO:;, twice with 50 g of
a 3% aqueous solution of nitric acid, and six times wth
50 g of pure water. After that, the organic |layer was
evapor at ed under reduced pressure to dryness. Thus, a
fluori ne-containi ng conpound (B29) was obt ai ned.

[ 0221]

The structural formnulae of the fluorine-containing
conmpounds (Bl) to (B29) obtained in the Synthesis
Exanpl es descri bed above are shown below. In addition,
the Mv and the ratio MM Mh of the obtained fluorine-
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cont ai ni ng conpounds (Bl) to (B29) are shown together
Tabl e 2.

[ 0222]
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[ 0223]
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[ 0224]

[ Tabl e 2]
Fluorine-
containing Mw Mw/Mn
compound
(B1) 660 1.01
(B2) 500 1.02
(B3) 780 1.03
(B4) 310 1.01
(B5) 530 1.00
(B6) 480 1.00
(B7) 560 1.04
(B8) 580 1.05
(B9) 400 1.00
(B10) 520 1.00
(B11) 600 1.02
(B12) 580 1.01
(B13) 800 1.00
(B14) 710 1.04
(B15) 470 1.00
(B16) 590 1.05
(B17) 610 1.01
(B18) 630 1.05
(B19) 650 1.03
(B20) 640 1.04
(B21) 650 1.02
(B22) 530 1.01
(B23) 650 1.02
(B24) 990 1.03
(B25) 940 1.02
(B26) 1000 1.01
(B27) 1300 1.03
(B28) 910 1.03
(B29) 940 1.03
[ 0225]

[ Synt hesis of Conparative Polynmers (Rl) to (R5)]

For the synthesis of conparative polyners (Rl) to
(R5), used for the preparation of conparative
conpositions (conparative UDL-1 to -10) for form ng an
organic film the foll ow ng nononmers (bl) to (b6) were
used.
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[ 0226]

“1 N
&Fs oo ;Jxof\,o CHs
F??/ FgC)\CFg t
rac\bFs (b2) (b3)
(b1)
;/io/\/\ Oj:D %j
HO
(b4) (b5) (b6)
[ 0227]

[ Conparative Synt hesis Exanple 1] Synthesis of
Conpar ative Polymer (R1)

/{,rzzt 76
e oo

CF,
s
FoC

|
FaCy

CFa (R1)

[ 0228]

Under a nitrogen atnosphere, 6.0 g of propyl ene
gl ycol nonomet hyl ether acetate (PGVEA) was heated and
stirred at 80°C. A mxture of 3.44 g (0.011 nol) of the
mononer (bl), 7.46 g (0.034 nol) of the nononer (b3),
0.473 g of dinmethyl 2,2-azobis(2-nmethylpropionate), and
34 g of PGVEA was added dropw se thereto over 4 hours.
The m xture was further heated and stirred for 16 hours,
and then cooled to roomtenperature. Thus, a solution
of the target conparative polyner (R1) in PGVEA was
obt ai ned.
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[ 0229]
The wei ght - average nol ecul ar wei ght (Mw) and the
di spersity (Mwv Mh) were determ ned by GPC, and the
follow ng results were obtained.
(R1): Mw=9500, Mw Mn=1.20
[ 0230]
[ Conparative Synthesis Exanple 2] Synthesis of
Conpar ative Polymer (R2)

CF3 (R2)

[ 0231]

Under a nitrogen atnosphere, 6.0 g of propyl ene
gl ycol nonomet hyl ether acetate (PGVEA) was heated and
stirred at 80°C. A mxture of 1.43 g (0.005 nol) of the
mononer (bl), 5.76 g (0.041 nol) of the nononer (b4),
0.473 g of dinmethyl 2,2-azobis(2-nmethylpropionate), and
34 g of PGVEA was added dropw se thereto over 4 hours.
The m xture was further heated and stirred for 16 hours,
and then cooled to roomtenperature. Thus, a solution
of the target conparative polyner (R2) in PGVEA was
obt ai ned.
[ 0232]

The wei ght - average nol ecul ar wei ght (Mw) and the
di spersity (M Mh) were determ ned by GPC, and the
follow ng results were obtained.
(R2): Mn=5800, M/ Mh=1.42
[ 0233]
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[ Conparative Synt hesis Exanple 3] Synthesis of
Conparative Polymer (R3)

oo 070N
Fgc/l\CFg
[ 0234]

Under a nitrogen atnosphere, 6.0 g of propyl ene

(R3)

gl ycol nonomet hyl ether acetate (PGVEA) was heated and
stirred at 80°C. A mxture of 7.00 g (0.032 nol) of the
nmononer (b2), 1.92 g (0.014 nol) of the nononer (b4),
0.473 g of dinmethyl 2,2-azobis(2-nmethylpropionate), and
34 g of PGVEA was added dropw se thereto over 4 hours.
The m xture was further heated and stirred for 16 hours,
and then cooled to roomtenperature. Thus, a solution
of the target conparative polyner (R3) in PGVEA was
obt ai ned.
[ 0235]

The wei ght - average nol ecul ar wei ght (Mw) and the
di spersity (Mwv Mh) were determ ned by GPC, and the
follow ng results were obtained.
(R3): Mwn=6200, Mwm Mh=1. 33
[ 0236]
[ Conparati ve Synt hesis Exanple 4] Synthesis of
Conpar ative Polymer (R4)

T C
FsC~ “CF,4
[ 0237]

Under a nitrogen atnosphere, 6.0 g of propyl ene

(R4)
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gl ycol nonomet hyl ether acetate (PGVEA) was heated and
stirred at 80°C. A mxture of 5.00 g (0.023 nol) of the
mononer (b2), 3.20 g (0.023 nol) of the nononer (b5),
0.473 g of dinmethyl 2,2-azobis(2-nmethylpropionate), and
34 g of PGVEA was added dropw se thereto over 4 hours.
The m xture was further heated and stirred for 16 hours,
and then cooled to roomtenperature. Thus, a solution
of the target conparative polyner (R4) in PGVEA was
obt ai ned.
[ 0238]

The wei ght - average nol ecul ar wei ght (Mw) and the
di spersity (Mwv Mh) were determ ned by GPC, and the
follow ng results were obtained.
(R4): Mn=8300, Mw Mn=1.33
[ 0239]
[ Conparative Synthesis Exanple 5] Synthesis of
Conpar ative Polymer (R5)

O O
F3C)\CF3
HO (R5)

Under a nitrogen atnosphere, 6.0 g of propyl ene
gl ycol nononet hyl ether acetate (PGVEA) was heated and
stirred at 80°C. A mxture of 2.00 g (0.009 nol) of the
nonomer (b2), 5.41 g (0.036 nol) of the nonomer (b6),
0.473 g of dinmethyl 2,2-azobis(2-nmethylpropionate), and
34 g of PGVEA was added dropw se thereto over 4 hours.
The m xture was further heated and stirred for 16 hours,
and then cooled to roomtenperature. Thus, a solution
of the target conparative polyner (R5) in PGVEA was
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obt ai ned.

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

(R5): Mwv=3800, Mw Mh=1.44
[ 0240]

[ Resin or Conpound (A) for
Al: a resin represented by
A2:
A3:

a resin represented by
a

A4: a conpound represented
a
a

conpound represent ed

A5:
AG:

resin represented by
resin represented by

Form ng Organic Film

the follow ng formula (A1)
the follow ng formula (A2)
by the follow ng forrmula (A3)
by the follow ng fornmula (A4)
the followi ng fornmula (A5)
the followi ng fornmula (A6)
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[ 0242]

[ Sol vent ]

(Cl): propylene glycol nononethyl ether acetate
(C2): propylene glycol nonoethyl ether

[ 0243]

[ Preparation of Conpositions (UDL-1 to -56 and
Conparative UDL-1 to -16) for Formng Organic Film

One of the fluorine-containing conmpounds (Bl) to
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(B29) and conparative polynmers (Rl) to (R5) and one of
the resins and conpounds (Al) to (A6) for form ng an
organic filmwere dissolved in the solvent (Cl) and/or
(C2) in the proportions shown in Table 3 and Tabl e 4,
and the mixture was filtered through a O0.1l-um filter
made of a fluorinated resin to prepare each of
conpositions (resist underlayer filmmaterials: UDL-1 to
-56 and conparative UDL-1 to -10) for form ng an organic
film Meanwhile, one of the resins and conpounds (Al)
to (A6) for form ng an organic filmwas dissolved in the
solvent (Cl) in the proportions shown in Table 4, and
the mixture was filtered through a 0.l1l-um filter made of
a fluorinated resin to prepare each of conpositions
(resist underlayer filmmterials: conparative UDL-11 to

-16) for form ng an organic film
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[ 0244]

[ Tabl e 3]
Resin or .
... | compound for Fluorine-
Compos[tlon forming organic containing Solvent 1 Solvent 2
for form]:_r;r?] film compound
organic i Parts b Parts b Parts b Parts b
Type massy Type massy Type massy Type massy
UDL-1 (Al) | 10.00 | (B1) 0.10 (C1) | 89.90
UDL-2 (A1) | 10.00 | (B2) 0.10 (C1) | 89.90
UDL-3 (A1) | 10.00 | (B3) 0.10 (C1) | 89.90
UDL-4 (Al) | 10.00 | (B4) 0.10 (C1) | 89.90
UDL-5 (Al) | 10.00 | (B5) 0.10 (C1) | 89.90
UDL-6 (A1) | 10.00 | (B6) 0.10 (C1) | 89.90
UDL-7 (A1) | 10.00 | (B7) 0.10 (C1) | 89.90
UDL-8 (Al) | 10.00 | (B8) 0.10 (C1) | 89.90
UDL-9 (Al) | 10.00 | (B9) 0.10 (C1) | 89.90
UDL-10 (Al) | 10.00 |(B10) | 0.10 (C1) | 89.90
uUDL-11 (A1) | 10.00 |(B11) | o0.10 (C1) | 89.90
UDL-12 (Al) | 10.00 |(B12) | 0.10 (C1) | 89.90
UDL-13 (Al) | 10.00 |(B13) | 0.10 (C1) | 89.90
UDL-14 (Al) | 10.00 |(B14) | 0.10 (C1) | 89.90
UDL-15 (A1) | 10.00 | (B15) | 0.10 (C1) | 89.90
UDL-16 (Al) | 10.00 | (B16) | 0.10 (C1) | 89.90
UDL-17 (Al) | 10.00 | (B17) | 0.10 (C1) | 89.90
UDL-18 (A1) | 10.00 | (B18) | 0.10 (C1) | 89.90
UDL-19 (A1) | 10.000 | (B19) | 0.10 (C1) | 89.90
UDL-20 (Al) | 10.00 |(B20) | 0.10 (C1) | 89.90
UDL-21 (Al) | 10.00 |(B21) | 0.10 (C1) | 89.90
UDL-22 (Al) | 10.00 |(B22)| 0.10 (C1) | 89.90
UDL-23 (A1) | 10.00 | (B23) | 0.10 (C1) | 89.90
UDL-24 (Al) | 10.00 | (B24) | 0.10 (C1) | 89.90
UDL-25 (Al) | 10.00 | (B25)| 0.10 (C1) | 89.90
UDL-26 (Al) | 10.00 | (B26) | 0.10 (C1) | 89.90
UDL-27 (Al) | 10.00 | (B27)| 0.10 (C1) | 89.90
UDL-28 (Al) | 10.00 |(B28) | 0.10 (C1) | 89.90
UDL-29 (Al) | 10.00 |(B29) | 0.10 (C1) | 89.90
UDL-30 (A1) | 10.00 | (B6) 0.10 (C1l) | 62.93 | (C2) | 26.97
UDL-31 (A1) | 10.00 | (B11) | 0.10 (C1) | 62.93 | (C2) | 26.97
UDL-32 (Al) | 10.00 | (B16) | 0.10 (C1) | 62.93 | (C2) | 26.97
UDL-33 (Al) | 10.00 | (B25)| 0.10 (C1) | 62.93 | (C2) | 26.97
UDL-34 (A1) | 10.00 | (B16) | 1.000 | (C1) | 89.00
UDL-35 (A1) | 10.00 | (B16) | 0.500 | (C1) | 89.50
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[ 0245]

[ Tabl e 4]
. Fluorine-
Resin or .
compound for containing
. compound or Solvent 1 Solvent 2
Composition for forrr_nng comparative
. o organic film
forming organic film polymer
Parts Parts Parts Parts by
Type by | Type by | Type by |Type Mmass
mass mass mass
UDL-36 (A1) | 10.00 |(B16)| 0.001 | (C1) | 90.00
UDL-37 (A2) | 10.00 | (B6) | 0.10 | (C1) | 89.90
UDL-38 (A2) | 10.00 |(B11)| 0.10 | (C1) | 89.90
UDL-39 (A2) | 10.00 |(B12)| 0.10 | (C1) | 89.90
UDL-40 (A2) | 10.00 |(B25)| 0.10 | (C1) | 89.90
UDL-41 (A3) | 10.00 | (B6) | 0.10 | (C1) | 89.90
UDL-42 (A3) | 10.00 |(B11)| 0.10 | (C1) | 89.90
UDL-43 (A3) | 10.00 |(B12)| 0.10 | (C1) | 89.90
UDL-44 (A3) | 10.00 |(B25)| 0.10 | (C1) | 89.90
UDL-45 (A4) | 10.00 | (B6) | 0.10 | (C1) | 89.90
UDL-46 (A4) | 10.00 |(B11)| 0.10 | (C1) | 89.90
UDL-47 (A4) | 10.00 |(B12)| 0.10 | (C1) | 89.90
UDL-48 (A4) | 10.00 |(B25)| 0.10 | (C1) | 89.90
UDL-49 (A5) | 10.00 | (B6) | 0.10 | (C1) | 89.90
UDL-50 (A5) | 10.00 |(B11)| 0.10 | (C1) | 89.90
UDL-51 (A5) | 10.00 |(B12)| 0.10 | (C1) | 89.90
UDL-52 (A5) | 10.00 [(B25)| 0.10 | (C1) | 89.90
UDL-53 (A6) | 10.00 | (B6) | 0.10 | (C1) | 89.90
UDL-54 (A6) | 10.00 |(B11)| 0.10 | (C1) | 89.90
UDL-55 (A6) | 10.00 |(B12)| 0.10 | (C1) | 89.90
UDL-56 (A6) | 10.00 [(B25)| 0.10 | (C1) | 89.90
Comparative UDL-1 | (A1) | 10.00 | (R1) | 0.10 | (C1) | 89.90
Comparative UDL-2 | (A2) | 10.00 | (R1) | 0.10 | (C1) | 89.90
Comparative UDL-3 | (A3) | 10.00 | (R1) | 0.10 | (C1) | 89.90
Comparative UDL-4 | (A4) | 10.00 | (R1) | 0.10 | (C1) | 89.90
Comparative UDL-5 | (A5) | 10.00 | (R1) | 0.10 | (C1) | 89.90
Comparative UDL-6 | (A6) | 10.00 | (R1) | 0.10 | (C1) | 89.90
Comparative UDL-7 | (A1) | 10.00 | (R2) | 0.10 | (C1) | 89.90
Comparative UDL-8 | (A1) | 10.00 | (R3) | 0.10 | (C1) | 89.90
Comparative UDL-9 | (A1) | 10.00 | (R4) | 0.10 | (C1) | 89.90
Comparative UDL-10 | (A1) | 10.00 | (R5) | 0.10 | (C1) | 89.90
Comparative UDL-11 | (A1) | 10.00 (C1) | 90.00
Comparative UDL-12 | (A2) | 10.00 (C1) | 90.00
Comparative UDL-13 | (A3) | 10.00 (C1) | 90.00
Comparative UDL-14 | (A4) | 10.00 (C1) | 90.00
Comparative UDL-15 | (A5) | 10.00 (C1) | 90.00
Comparative UDL-16 | (A6) | 10.00 (C1) | 90.00

[ 0246]
[ Preparation of

Silicon Wafers
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Film Formed Thereon By Using Conpositions (UDL-1 to -56
and Conparative UDL-1 to -16) for Form ng Organic Film

Usi ng a coater/devel oper “CLEAN TRACK LI THI US Pro
AP” of Tokyo Electron Ltd., each of the conpositions
(UDL-1 to -56 and conparative UDL-1 to -16) for form ng
an organic filmprepared above was respectively
di scharged in an amount of 2 m onto a silicon wafer at
the center. Then, the wafer was rotated at a rotational
rate to achieve, after baking, the average film
t hi ckness shown in Tables 5 and 6 to spread the
conposition. Thus, a coating filmof the conposition
for formng an organic filmwas forned. While rotating
the silicon wafer at a rate of 1000 rpm the renover-
di schargi ng nozzl e was noved at a speed of 5 mis from
t he periphery of the silicon wafer to a position 3 mm
fromthe center while discharging a renover (m xed
solution of propylene glycol mononethyl ether acetate
and propyl ene glycol nononethyl ether (30:70, nass
ratio)) at a discharge rate of 2 m /s, and the renover
was further discharged at that position for 5 seconds at
a discharge rate of 2 m/s. After that, the discharging
of the discharged liquid was term nated, and the silicon
wafer was further rotated at a rate of 1000 rpm for 30
seconds. Next, the silicon wafer was heated at 350°C
for 60 seconds. Thus, silicon wafers having an organic
underl ayer film (organic cured film of each exanple
formed were obtained.
[ 0247]
[ Sol vent Resi stance Eval uation: Exanples 1-1 to 1-56 and
Conparative Exanples 1-1 to 1-16]

An organic underl ayer filmwas fornmed on a silicon
waf er according to the above-described nmethod by using
each of the conpositions (UDL-1 to -56 and conparative
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UDL-1 to -16) for formng an organic film and the film
t hi ckness of the organic underlayer film was neasured.
Subsequently, a PGVEA sol vent was di spensed on each
organi c underlayer film left to stand for 30 seconds,
spin-dried, and baked at 100°C for 60 seconds to
evaporate the PGVEA, and then the filmthickness of the
organi ¢ underl ayer film was nmeasured. The absol ute

val ue of the value determ ned by (X;-X)/ X x 100 was
obtained as a filmthickness change rate (%9, where X is
the filmthickness before dispensing the PGVEA sol vent,
and X; is the filmthickness after the PGVEA sol vent was
di spensed. VWhen the filmthickness change rate was

| ower than 0.5% the conposition was eval uated as
“Good”, and when 0.5% or higher, “Poor”. Tables 5 and 6
bel ow show the results.

[ 0248]

[IIn-Plane Uniformty Eval uation: Exanples 1-1 to 1-56
and Conparative Exanples 1-1 to 1-16]

An organi c underlayer filmwas fornmed on a silicon
waf er according to the above-described nmethod by using
each of the conpositions (UDL-1 to -56 and conparative
UDL-1 to -16) for formng an organic film and the film
thickness within a radius of 145 mmfromthe center of
t he organi c underl ayer filmwas neasured. The val ue
determ ned by ( Xvax- Xnin)/ Xaverage Was obtai ned as in-plane
uniformty (%, where Xmwmx 1S the maxi mnum val ue of the
filmthickness, Xnin i s the mninmumvalue of the film
t hi ckness, and Xaverage 1S the average fil mthickness.
When the in-plane uniformty was |ess than 2% the
conposition was eval uated as A (good), when 2% or nore
to less than 3% B, and when 3% or nore, C (poor).
Tables 5 and 6 bel ow show the results.

[ 0249]
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[ Contact Angle Eval uation: Exanples 1-1 to 1-56 and
Conpar ative Exanples 1-1 to 1-16]

An organi c underl ayer filmwas fornmed respectively
on a silicon wafer by using each of the conpositions
(UDL-1 to -56 and conparative UDL-1 to -16) for form ng
an organic filmaccording to the above-descri bed net hod,
and the contact angle of each organic underlayer film
with pure water was neasured. Note that, regarding
conparative UDL-11 to -16, the neasurenment was not
carried out, since in-plane uniformty was poor. Tables

5 and 6 bel ow show the results.
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[ 0250]

[ Tabl e 5]
%?mﬁlzsglr(;g:]?é Ave_rage film S(_)Ivent In_-plan_e Contact
film thickness | resistance | uniformity | angle
Example 1-1 UDL-1 500 nm Good B 66°
Example 1-2 UDL-2 500 nm Good B 66°
Example 1-3 UDL-3 500 nm Good B 67°
Example 1-4 UDL-4 500 nm Good A 61°
Example 1-5 UDL-5 500 nm Good A 61°
Example 1-6 UDL-6 500 nm Good A 62°
Example 1-7 uUDL-7 500 nm Good A 62°
Example 1-8 UDL-8 500 nm Good B 61°
Example 1-9 uUDL-9 500 nm Good A 63°
Example 1-10 uDL-10 500 nm Good A 63°
Example 1-11 UDL-11 500 nm Good B 62°
Example 1-12 UDL-12 500 nm Good A 62°
Example 1-13 UDL-13 500 nm Good A 63°
Example 1-14 UDL-14 500 nm Good B 62°
Example 1-15 UDL-15 500 nm Good A 62°
Example 1-16 UDL-16 500 nm Good A 61°
Example 1-17 uDL-17 500 nm Good A 61°
Example 1-18 UDL-18 500 nm Good A 62°
Example 1-19 uUDL-19 500 nm Good A 63°
Example 1-20 uUDL-20 500 nm Good B 62°
Example 1-21 UDL-21 500 nm Good B 61°
Example 1-22 UDL-22 500 nm Good A 63°
Example 1-23 uUDL-23 500 nm Good A 61°
Example 1-24 uUDL-24 500 nm Good A 63°
Example 1-25 UDL-25 500 nm Good A 63°
Example 1-26 UDL-26 500 nm Good A 62°
Example 1-27 uDL-27 500 nm Good B 63°
Example 1-28 UDL-28 500 nm Good A 66°
Example 1-29 uUDL-29 500 nm Good A 66°
Example 1-30 UDL-30 500 nm Good A 62°
Example 1-31 UDL-31 500 nm Good B 62°
Example 1-32 UDL-32 500 nm Good A 61°
Example 1-33 UDL-33 500 nm Good A 63°
Example 1-34 UDL-34 500 nm Good A 63°
Example 1-35 UDL-35 500 nm Good A 62°
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[ 0251]

[ Tabl e 6]
Composition for Average film| Solvent In-plane | Contact
forming organic film | thickness |resistance | uniformity | angle
Example 1-36 UDL-36 500 nm Good A 60°
Example 1-37 UDL-37 500 nm Good A 63°
Example 1-38 UDL-38 500 nm Good B 63°
Example 1-39 UDL-39 500 nm Good A 61°
Example 1-40 UDL-40 500 nm Good A 62°
Example 1-41 UDL-41 500 nm Good A 63°
Example 1-42 UDL-42 500 nm Good B 63°
Example 1-43 UDL-43 500 nm Good A 62°
Example 1-44 UDL-44 500 nm Good A 63°
Example 1-45 UDL-45 500 nm Good A 61°
Example 1-46 UDL-46 500 nm Good B 63°
Example 1-47 UDL-47 500 nm Good A 63°
Example 1-48 UDL-48 500 nm Good A 62°
Example 1-49 UDL-49 500 nm Good A 61°
Example 1-50 UDL-50 500 nm Good B 61°
Example 1-51 UDL-51 500 nm Good A 62°
Example 1-52 UDL-52 500 nm Good A 63°
Example 1-53 UDL-53 500 nm Good A 61°
Example 1-54 UDL-54 500 nm Good B 61°
Example 1-55 UDL-55 500 nm Good A 63°
Example 1-56 UDL-56 500 nm Good A 64°
Comparative Example 1-1 | Comparative UDL-1 500 nm Good A 75°
Comparative Example 1-2 Comparative UDL-2 500 nm Good A 75°
Comparative Example 1-3 | Comparative UDL-3 500 nm Good A 75°
Comparative Example 1-4 | Comparative UDL-4 500 nm Good A 75°
Comparative Example 1-5 [ Comparative UDL-5 500 nm Good A 75°
Comparative Example 1-6 | Comparative UDL-6 500 nm Good A 75°
Comparative Example 1-7 Comparative UDL-7 500 nm Good A 90°
Comparative Example 1-8 | Comparative UDL-8 500 nm Good A 93°
Comparative Example 1-9 [ Comparative UDL-9 500 nm Good A 95°
Comparative Example 1-10 | Comparative UDL-10 500 nm Good A 74°
Comparative Example 1-11 | Comparative UDL-11 500 nm Good C -
Comparative Example 1-12 | Comparative UDL-12 500 nm Good C -
Comparative Example 1-13 | Comparative UDL-13 500 nm Good C -
Comparative Example 1-14 | Comparative UDL-14 500 nm Good C -
Comparative Example 1-15 | Comparative UDL-15 500 nm Good C -
Comparative Example 1-16 | Comparative UDL-16 500 nm Good C -
[ 0252]
As shown in Tables 5 and 6, in Exanples 1-1 to 1-

56, where the inventive conpositions for

organic filmwere used,

excel |

uniformty and having a contact angle of 60° or
and 67°

or gani

angl e

ent in both
or
c underl ayer

is excell ent

sol vent

filmthat

organi ¢ underl ayer

| ower with pure water were obtained.

form ng an
films

resi stance and i n-pl ane

An

exhi bits such a cont act

hi gher

in the coating property of a silicon-
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containing resist mddle |layer filmthereon. On the

ot her hand, in Conparative Exanples 1-11 to 1-16 out of
Conparative Exanples 1-1 to 1-16, where conpositions not
containing a fluorine-containing conpound, contained in
the inventive conpositions for formng an organic film
were used, in-plane uniformty was poor. Therefore, in
the follow ng evaluations, UDL-1 to -56 and conparative
UDL-1 to -10, which were excellent in both sol vent

resi stance and in-plane uniformty, were considered.
Meanwhi | e, the organic underlayer films of Conparative
Exanples 1-1 to 1-10 had a contact angle of 74° or

hi gher with pure water, and since the contact angle was
hi gh and hydrophobicity was strong, the coating property
of the silicon-containing resist mddle [ayer film was
poor. By controlling the condition of the film surface
to have a suitable contact angle as described above, it
Is possible to forman organic underlayer film excell ent
in the filmformability of a silicon-containing m ddle

| ayer filmon the organic underlayer film

[ 0253]

[ Hunp Suppression Property Eval uation: Exanples 2-1 to
2-56 and Conparative Exanples 2-1 to 2-10]

An organic underl ayer filmwas formed on a silicon
waf er according to the above-described nethod by using
each of the conpositions (UDL-1 to -56 and conparative
UDL-1 to -10) for formng an organic film and the
variation in height fromthe peripheral edge of the
organi ¢ underl ayer filmtowards the center of the
silicon wafer to a position of 1000 pum was measured by
using Alpha—Step D-600 (a stylus profiler) manufactured
by KLA corporation. The height of the silicon wafer was
regarded as 0, and when the maxi nrum hei ght was | ess than
110% of the filmthickness as shown in FIG 2, the
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conposition was evaluated as A (good), when the maxi num
hei ght was 110% or nore to | ess than 150% B, and when a
regi on where the height was 150% or nore occurred as
shown in FIG 3, C (poor).

[ 0254]

[Filling Property Eval uation: Exanples 2-1 to 2-56 and
Conpar ative Exanples 2-1 to 2-10]

As shown in FIG 4, a resist underlayer film
(organi c underlayer film 8 was formed on an Si & wafer
substrate having a dense hole pattern (hole dianeter 0.2
um, hole depth 1.0 um, distance between the centers of
two adjacent holes 0.4 um) by using each of the
conpositions (UDL-1 to -56 and conparative UDL-1 to -10)
for formng an organic filmrespectively according to
t he above-described nmethod. The substrate used was a
base substrate (Si & wafer substrate) 7 having the dense
hol e pattern shown in FIG 4 (G (downward view) and (H)
(cross-sectional view). The cross-sectional shape of
each of the obtained wafer substrates was observed using
a scanning electron mcroscope (SEM, and it was
observed whether or not the inside of the holes was
filled with the resist underlayer filmw thout gaps.
When a conposition for form ng an organic film having
poor filling property is used, gaps are generated inside
t he holes. Wen a conposition for form ng an organic
filmhaving a desirable filling property is used in the
present evaluation, the inside of the holes is filled
with the organic underlayer filmw thout gaps, as shown
in FIG 4 (1). The conposition was eval uated as “Good”
when no gaps were generated, and when gaps were
gener ated, as “Poor”.

[ 0255]
[ Silicon-Containing Resist Mddle Layer Film Coating
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Property Eval uati on: Exanples 2-1 to 2-56 and
Conpar ative Exanples 2-1 to 2-10]

An organi c underl ayer filmwas fornmed respectively
on a silicon wafer substrate by using each of the
conpositions (UDL-1 to -56 and conparative UDL-1 to -10)
for formng an organic filmaccording to the above-
descri bed nmethod. The silicon-containing resist mddle
layer filmmmaterial (SOGl) described bel ow was applied
to the forned organic underlayer film and baking was
perfornmed at 200°C for 60 seconds to forma silicon-
containing resist mddle layer film Then, the
condition of the coating filmof the silicon-containing
resist mddle |layer filmwas visually observed and
eval uat ed.

[ 0256]

When the condition of the coating filmof the
silicon-containing resist mddle |ayer filmwas good,

t he conposition was eval uated as “Good”, and when
dewetting had occurred, as “Poor”. Tables 8 and 9 bel ow
show the results.

[ 0257]

Note that, in this evaluation, to eval uate whether
the coatability of the silicon-containing resist mddle
| ayer filmis excellent or not, the thickness of the
silicon-containing resist mddle layer filmwas set to 5
nm and this is a special, severe evaluation condition.
[ 0258]

The silicon-containing resist mddle |ayer film
mat eri al (SOGl) was prepared by dissolving a polyner
(SP1), a crosslinking catalyst, and an acid in an
organi c solvent and water in the proportions of Table 7,
and filtering the mixture through a 0.1l-um filter made

of a fluororesin.
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[ 0259]

[ Tabl e 7]
Polymer Crosslinking Acid Organic Water
(parts by catalyst (parts by solvent (parts by
(parts by (parts by
mass) mass) mass) mass) mass)
cocy| SP1 | TMPANO: %ﬁ%c PGEE | Water
(100) (1) (1) (44100) (4900)
[ 0260]
The polymer (SP1l) is shown bel ow
[ 0261]

CH;

——sioj s ——sio s —f

[ 0262]

TMPANQ::

SP1

PGEE: propyl ene gl ycol

et hyl

127

trimet hyl phenyl ammoni um nitrate

et her




[ 0263]

[ Tabl e 8]
Composition f(_)r Hump_ Filling Sili_con-(_:ontaining
forming organic | suppression resist middle layer
film property property film coating property
Example 2-1 uUDL-1 Good B Good
Example 2-2 UDL-2 Good B Good
Example 2-3 UDL-3 Good B Good
Example 2-4 uUDL-4 Good A Good
Example 2-5 UDL-5 Good A Good
Example 2-6 UDL-6 Good A Good
Example 2-7 uUDL-7 Good A Good
Example 2-8 UDL-8 Good A Good
Example 2-9 UDL-9 Good A Good
Example 2-10 UDL-10 Good A Good
Example 2-11 UDL-11 Good A Good
Example 2-12 UDL-12 Good A Good
Example 2-13 UDL-13 Good A Good
Example 2-14 uUDL-14 Good A Good
Example 2-15 UDL-15 Good A Good
Example 2-16 UDL-16 Good A Good
Example 2-17 UDL-17 Good A Good
Example 2-18 UDL-18 Good A Good
Example 2-19 UDL-19 Good A Good
Example 2-20 UDL-20 Good A Good
Example 2-21 UDL-21 Good A Good
Example 2-22 UDL-22 Good A Good
Example 2-23 UDL-23 Good A Good
Example 2-24 UDL-24 Good A Good
Example 2-25 UDL-25 Good A Good
Example 2-26 UDL-26 Good A Good
Example 2-27 uUDL-27 Good A Good
Example 2-28 UDL-28 Good B Good
Example 2-29 UDL-29 Good B Good
Example 2-30 UDL-30 Good A Good
Example 2-31 UDL-31 Good A Good
Example 2-32 UDL-32 Good A Good
Example 2-33 UDL-33 Good A Good
Example 2-34 UDL-34 Good A Good
Example 2-35 UDL-35 Good A Good
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[ 0264]

[ Tabl e 9]
Composition for Hump - Silicon-containing
; ; . Filling . ;
forming organic [suppression resist middle layer
- property | .. .
film property film coating property

Example 2-36 UDL-36 Good A Good
Example 2-37 UDL-37 Good A Good
Example 2-38 UDL-38 Good A Good
Example 2-39 UDL-39 Good A Good
Example 2-40 UDL-40 Good A Good
Example 2-41 UDL-41 Good A Good
Example 2-42 UDL-42 Good A Good
Example 2-43 UDL-43 Good A Good
Example 2-44 uUDL-44 Good A Good
Example 2-45 UDL-45 Good A Good
Example 2-46 UDL-46 Good A Good
Example 2-47 uDL-47 Good A Good
Example 2-48 UDL-48 Good A Good
Example 2-49 UDL-49 Good A Good
Example 2-50 UDL-50 Good A Good
Example 2-51 UDL-51 Good A Good
Example 2-52 UDL-52 Good A Good
Example 2-53 UDL-53 Good A Good
Example 2-54 UDL-54 Good A Good
Example 2-55 UDL-55 Good A Good
Example 2-56 UDL-56 Good A Good
Comparative Comparative

Example 2-1 UDL-1 Poor C Poor
Comparative Comparative

Example 2-2 UDL-2 Poor C Poor
Comparative Comparative

Example 2-3 UDL-3 Poor C Poor
Comparative Comparative

Example 2-4 UDL-4 Poor c Poor
Comparative Comparative

Example 2-5 UDL-5 Poor C Poor
Comparative Comparative

Example 2-6 UDL-6 Poor C Poor
Comparative Comparative

Example 2-7 UDL-7 Poor C Poor
Comparative Comparative

Example 2-8 UDL-8 Poor C Poor
Comparative Comparative

Example 2-9 UDL-9 Poor C Poor
Comparative Comparative

Example 2-10 UDL-10 Poor A Poor

[ 0265]

As shown in Tables 8 and 9, it was confirned that
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t he conpositions (UDL-1 to -56) for form ng an organic
film which are Exanpl es of the present invention, were
excellent in solvent resistance, in-plane uniformty,
hunp suppression property, filling property, and the
coating property of the silicon-containing resist nmddle
| ayer film

[ 0266]

[Patterning Test: Exanples 3-1 to 3-56]

An organi c underl ayer filmwas fornmed respectively
on an Si & wafer substrate by using each of the
conpositions (UDL-1 to -56) for form ng an organic film
according to the above-described method. Subsequently,
the silicon-containing resist mddle |ayer filmmateri al
(SOG2) described bel ow was applied to the organic
underl ayer film and baking was performed at 200°C for
60 seconds to forma 35-nmthick silicon-containing
resist mddle layer film Subsequently, the nopnol ayer
resist for ArF described bel ow was applied to the
silicon-containing resist mddle layer filmas a resist
upper layer filmmmaterial and baked at 105°C for 60
seconds to forma 100-nm thick photoresist film
Subsequently, the liquid imersion top coat conposition
(TC-1) described bel ow was applied to the photoresist
filmand baked at 90°C for 60 seconds to forma 50-nm
thick top coat.

[0267]

As the silicon-containing resist underlayer film
material (SO&G), used was a material prepared by
di ssolving a polymer (SPl1l), a crosslinking catalyst, and
an acid in an organi c solvent and water in the
proportions of Table 10, and filtering the m xture

through a 0.1-um filter made of a fluororesin.
[ 0268]
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[ Tabl e 10]

Polymer Crosslinking Acid Organic Water
(parts by catalyst (parts by solvent (parts by
(parts by (parts by
mass) mass) mass) mass) mass)
<oc2| SP1 | TMPANOs Ma"’::'iet;c PGEE | Water
(100) (1) (1) (4410) (490)
[ 0269]
As the resist upper layer filmmaterial (nonol ayer
resist for ArF), used was a material prepared by
di ssolving a polymer (RP1l), an acid generator (PAGl),

and a basic conmpound (Am nel), each in the proportion

shown in Table 11, in a sol vent

of FC-430 (manufactured by Sumitomo 3M Limted),

containing 0.1% by mass
and
filtering the obtained mixture through a 0.l-um filter
made of a fluororesin.

[ 0270]
[ Tabl e 11]
Polymer Acid Basic Solvent
(parts by generator compound (parts by
mass) (parts by (parts by mass)
mass) mass)
Monolayer RP1 PAG1 Aminel PGMEA
resist for ArF (100) (6.6) (0.8) (2500)
[0271]
The polymer (RP1l), the acid generator (PAGl), and

t he basic compound (Am nel) are shown bel ow.
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o~ o
k gi; “OH O:’@
RP1 O
Mw7,800

CF4CF,CF,CF,SO5
PAG1 Amine1
[0273]
As the liquid imersion top coat conposition (TC
1), used was a conposition prepared by dissolving a
polyner (PP1l) in an organic solvent at the proportion
shown in Table 12, and filtering the obtained m xture

through a 0.1-uym filter made of a fluororesin.

[ 0274]
[ Tabl e 12]
Polymer Organic solvent
(parts by mass) (parts by mass)
TC-1 PP1 Diisoamyl ether (2700)
(100) 2-methyl-1-butanol (270)
[ 0275]

The polymer (PPl) is shown bel ow.
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[0276]

70 30
o~ o 0~ Yo
CFs
OH
CF3 F.c”I>CcF
3 OH 3
PP1
Mw8,800 Mw/Mn1.69

[0277]

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

[ 0278]

Subsequently, using an etching apparatus Telius
manuf act ured by Tokyo El ectron Ltd., the silicon-
containing resist mddle layer filmwas dry-etched (the
pattern was transferred) while using the resist upper
| ayer filmpattern as a nask to obtain a silicon-
containing resist mddle |layer filmpattern; the organic
filmwas dry-etched (the pattern was transferred) while
usi ng the obtained silicon-containing resist mddle
| ayer film pattern as a mask to obtain an organic
under | ayer filmpattern; and the SiQ wafer substrate
(SIG: film was dry-etched (the pattern was transferred)

whi |l e using the obtained organic underlayer film pattern
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as a mask. The etching conditions were as follows.
[ 0279]
Conditions in transferring resist upper layer film
pattern to silicon-containing resist mddle [ayer film
Chamber pressure: 10.0 Pa
RF- power: 1,500 W
CFs gas flowrate: 75 nL/mn
O, gas flow rate: 15 mi/mn
Time: 15 sec
[ 0280]
Conditions in transferring silicon-containing resist
m ddl e | ayer film pattern to organic underlayer film
Chamber pressure: 2.0 Pa
RF- power: 500 W
Ar gas flow rate: 75 nL/mn
O, gas flow rate: 45 mi/mn
Time: 120 sec
[ 0281]
Conditions in transferring organic underlayer film
pattern to Si O wafer substrate
Chamber pressure: 2.0 Pa
RF- power: 2,200 W
CsFi2 gas flowrate: 20 nmL/mn
CFe gas flow rate: 10 nL/mn
Ar gas flow rate: 300 nL/mn
O gas flow rate: 60 mi/mn
Time: 90 sec
[ 0282]
The cross section of the obtained pattern was
observed with an el ectron m croscope (S-4700)
manuf actured by Hitachi, Ltd. Tables 13 and 14 show t he

results.
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[ 0283]

[ Tabl e 13]
Composmon fpr Profile after etching for
forming organic :
film transferring to substrate
Example3-1 UDL-1 Good
Example3-2 UDL-2 Good
Example3-3 UDL-3 Good
Example3-4 UDL-4 Good
Example3-5 UDL-5 Good
Example3-6 UDL-6 Good
Example3-7 UDL-7 Good
Example3-8 UDL-8 Good
Example3-9 UDL-9 Good
Example3-10 UDL-10 Good
Example3-11 UDL-11 Good
Example3-12 UDL-12 Good
Example3-13 UDL-13 Good
Example3-14 UDL-14 Good
Example3-15 UDL-15 Good
Example3-16 UDL-16 Good
Example3-17 UDL-17 Good
Example3-18 UDL-18 Good
Example3-19 UDL-19 Good
Example3-20 UDL-20 Good
Example3-21 UDL-21 Good
Example3-22 UDL-22 Good
Example3-23 UDL-23 Good
Example3-24 UDL-24 Good
Example3-25 UDL-25 Good
Example3-26 UDL-26 Good
Example3-27 UDL-27 Good
Example3-28 UDL-28 Good
Example3-29 UDL-29 Good
Example3-30 UDL-30 Good
Example3-31 UDL-31 Good
Example3-32 UDL-32 Good
Example3-33 UDL-33 Good
Example3-34 UDL-34 Good
Example3-35 UDL-35 Good
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[ 0284]

[ Tabl e 14]
Composmon fpr Profile after etching for
forming organic )
film transferring to substrate
Example3-36 UDL-36 Good
Example3-37 UDL-37 Good
Example3-38 UDL-38 Good
Example3-39 UDL-39 Good
Example3-40 UDL-40 Good
Example3-41 UDL-41 Good
Example3-42 UDL-42 Good
Example3-43 UDL-43 Good
Example3-44 UDL-44 Good
Example3-45 UDL-45 Good
Example3-46 UDL-46 Good
Example3-47 UDL-47 Good
Example3-48 UDL-48 Good
Example3-49 UDL-49 Good
Example3-50 UDL-50 Good
Example3-51 UDL-51 Good
Example3-52 UDL-52 Good
Example3-53 UDL-53 Good
Example3-54 UDL-54 Good
Example3-55 UDL-55 Good
Example3-56 UDL-56 Good
[ 0285]

As shown in Tables 13 and 14, in Exanples 3-1 to 3-
56, where the conpositions (UDL-1 to -56) for form ng an
organic film being exanples of the present invention
were used, the resist upper layer film pattern was
successfully transferred to the Si G wafer substrate in
the end in every case. Thus, it was confirmed that the
i nventive conpositions for formng an organic film can
be used suitably for fine processing using a nultilayer
resi st nethod.
[ 0286]
[ Preparati on of Resist Upper Layer Film Materials
(ArFPRL to 29 and Conparative ArFPR)]
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Resi st upper layer filmmterials (ArFPR1 to 29)
were respectively prepared by dissolving each of the
above-descri bed polynmer (RP1l: resin for form ng an
organic film, an acid generator (PAGl), a basic
conpound (Am nel), and one of the fluorine-containing
conpounds (Bl to B29) in a solvent in the proportions
shown in Tables 15 and 16, and filtering the obtained
mixture through a 0.l-um filter made of a fluororesin.
Meanwhi | e, a conparative resist upper |layer film
mat eri al (conparative ArFPR) was prepared in the sane
manner as the resist upper layer filmmmterial (ArFPR1),
except that the fluorine-containing conpound was not
used.
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[ 0287]

[ Tabl e 15]

Resist upper layer (Z(:%?Er ACI(d getnebrator cori?asoll(jnd clz)lrlet(;;lrilr?ii-g Solvent

film material mass)y pm;;)y (parts by compound (pn?;[ssl))y

mass) (parts by mass)

ArEPR1 RP1 PAG1 Aminel (B1) PGMEA
(100) (6.6) (0.8) (2.5) (2500)

ArEPR2 RP1 PAG1 Aminel (B2) PGMEA
(100) (6.6) (0.8) (2.5) (2500)

ArEPR3 RP1 PAG1 Aminel (B3) PGMEA
(100) (6.6) (0.8) (2.5) (2500)

ArEPR4 RP1 PAG1 Aminel (B4) PGMEA
(100) (6.6) (0.8) (2.5) (2500)

ArEPR5 RP1 PAG1 Aminel (B5) PGMEA
(100) (6.6) (0.8) (2.5) (2500)

ArEPR6 RP1 PAG1 Aminel (B6) PGMEA
(100) (6.6) (0.8) (2.5) (2500)

ArEPR7 RP1 PAG1 Aminel (B7) PGMEA
(100) (6.6) (0.8) (2.5) (2500)

ArEPRS RP1 PAG1 Aminel (B8) PGMEA
(100) (6.6) (0.8) (2.5) (2500)

ArEPRO RP1 PAG1 Aminel (B9) PGMEA
(100) (6.6) (0.8) (2.5) (2500)

ArEPR10 RP1 PAG1 Aminel (B10) PGMEA
(100) (6.6) (0.8) (2.5) (2500)

ArEPR11 RP1 PAG1 Aminel (B11) PGMEA
(100) (6.6) (0.8) (2.5) (2500)

ArEPR12 RP1 PAG1 Aminel (B12) PGMEA
(100) (6.6) (0.8) (2.5) (2500)

ArEPR13 RP1 PAG1 Aminel (B13) PGMEA
(100) (6.6) (0.8) (2.5) (2500)

ArEPR14 RP1 PAG1 Aminel (B14) PGMEA
(100) (6.6) (0.8) (2.5) (2500)

ArEPR15 RP1 PAG1 Aminel (B15) PGMEA
(100) (6.6) (0.8) (2.5) (2500)

ArEPR16 RP1 PAG1 Aminel (B16) PGMEA
(100) (6.6) (0.8) (2.5) (2500)

ArEPR17 RP1 PAG1 Aminel (B17) PGMEA
(100) (6.6) (0.8) (2.5) (2500)

ArEPR18 RP1 PAG1 Aminel (B18) PGMEA
(100) (6.6) (0.8) (2.5) (2500)

ArEPR19 RP1 PAG1 Aminel (B19) PGMEA
(100) (6.6) (0.8) (2.5) (2500)

ArEPR20 RP1 PAG1 Aminel (B20) PGMEA
(100) (6.6) (0.8) (2.5) (2500)
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[ 0288]

[ Tabl e 16]
. Polymer |[Acid generator Basic Fluor_in_e- Solvent
Resist upper layer compound containing
. . (parts by (parts by (parts by
film material (parts by compound
mass) mass) mass)
mass) (parts by mass)
RP1 PAG1 Aminel (B21) PGMEA
ArFPR21 (100) (6.6) (0.8) (2.5) (2500)
RP1 PAG1 Aminel (B22) PGMEA
ArFPR22 (100) (6.6) (0.8) (2.5) (2500)
RP1 PAG1 Aminel (B23) PGMEA
ArFPR23 (100) (6.6) (0.8) (2.5) (2500)
RP1 PAG1 Aminel (B24) PGMEA
ArFPR24 (100) (6.6) (0.8) (2.5) (2500)
RP1 PAG1 Aminel (B25) PGMEA
ArFPR25 (100) (6.6) (0.8) (2.5) (2500)
RP1 PAG1 Aminel (B26) PGMEA
ArFPR26 (100) (6.6) (0.8) (2.5) (2500)
RP1 PAG1 Aminel (B27) PGMEA
ArFPR27 (100) (6.6) (0.8) (2.5) (2500)
RP1 PAG1 Aminel (B28) PGMEA
ArFPR28 (100) (6.6) (0.8) (2.5) (2500)
RP1 PAG1 Aminel (B29) PGMEA
ArFPR29 (100) (6.6) (0.8) (2.5) (2500)
. RP1 PAG1 Aminel PGMEA
Comparative ArFPR (100) (6.6) (0.8) (2500)
[ 0289]
reparation o ilicon ers Havin esi s er Layer
Prep t f Sil Waf H g R t Upp Lay
Film Formed Thereon By Using Resist Upper Layer Film

Materials (ArFPRL to 29 and Conparative ArFPR)]

Usi ng a coater/devel oper

AP

of Tokyo El ectron Ltd.,

upper

“CLEAN TRACK LI THI US Pro
each of the resist

| ayer filmmaterials (ArFPRL to 29 and conparative

Ar FPR) prepared above was respectively discharged in an
amount of 2 mM onto a silicon wafer at the center and
baked. Then,

t he waf er at

the coating filmwas spread by rotating

a rotational rate to achieve an average

filmthickness of 100 nmto form each resist upper |ayer
filmprecursor. Next, the silicon wafer having the
resi st upper layer film precursor formed was heated at
105°C for 60 seconds to obtain a silicon wafer having a
resi st upper layer filmformed thereon.

[ 0290]
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[In-Plane Uniformty Eval uation of Resist Upper Layer
Films: Exanples 4-1 to 4-29]

The filmthickness within a radius of 145 nm from
t he center of each of resist upper layer filns (ArFPRL
to 29 and conparative ArFPR) respectively fornmed on a
silicon wafer according to the above-described nethod
was nmeasured. The value determ ned by ( Xmax- Xnin)/ Xaverage
was obtained as in-plane uniformty (%, where Xmwx IS
the maxi mum value of the filmthickness, Xin is the
m ni mum val ue of the filmthickness, and Xaverage i S the
average filmthickness. When the in-plane uniformty
was | ess than 3% the material was evaluated as “ Good”,
and when 3% or nore, “Poor”. Table 17 bel ow shows the

results.
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[ 0291]

[ Tabl e 17]
Resist upper In-plane
layer film : .
. uniformity

material
Example 4-1 ArFPR1 Good
Example 4-2 ArFPR2 Good
Example 4-3 ArFPR3 Good
Example 4-4 ArFPR4 Good
Example 4-5 ArFPR5 Good
Example 4-6 ArFPR6 Good
Example 4-7 ArFPR7 Good
Example 4-8 ArFPRS8 Good
Example 4-9 ArFPR9 Good
Example 4-10 ArFPR10 Good
Example 4-11 ArFPR11 Good
Example 4-12 ArFPR12 Good
Example 4-13 ArFPR13 Good
Example 4-14 ArFPR14 Good
Example 4-15 ArFPR15 Good
Example 4-16 ArFPR16 Good
Example 4-17 ArFPR17 Good
Example 4-18 ArFPR18 Good
Example 4-19 ArFPR19 Good
Example 4-20 ArFPR20 Good
Example 4-21 ArFPR21 Good
Example 4-22 ArFPR22 Good
Example 4-23 ArFPR23 Good
Example 4-24 ArFPR24 Good
Example 4-25 ArFPR25 Good
Example 4-26 ArFPR26 Good
Example 4-27 ArFPR27 Good
Example 4-28 ArFPR28 Good
Example 4-29 ArFPR29 Good
Comparative Comparative Poor
Example 4-1 ArFPR

[ 0292]

As shown in Table 17, it can be observed that,
since the resist upper filmmterials (ArFPRL to
29) in the exanples of the present

excel | ent

| ayer
i nvention were
in in-plane uniformty, the fluorine-

cont ai ni ng compound (B) of the present invention
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functions as a surfactant that can inpart an excellent
| eveling property, and can be contained in various
conpositions for formng an organic filmregardl ess of
the type of the resin or conpound (A) for form ng an
organic filmto be conbi ned wth.

[ 0293]

From t he above, the inventive conposition for
formng an organic filmhas excellent filmformability,
high filling property, hunp suppression property, and an
excell ent coating property of silicon-containing resist
m ddl e | ayer filnms, that is, process margin, and
therefore, is extrenely useful as an organic film
material used in a nultilayer resist process.
Furthernmore, the inventive patterning processes, using
the inventive conposition for formng an organic film
make it possible to fill holes and trenches having very
hi gh aspect ratios wthout gaps, forma fine pattern
wi th high precision, and forma hunp-suppressed organic
film(e.g. organic underlayer filmor resist upper |ayer
film, and therefore, make it possible to manufacture
sem conductor devices and the like efficiently.

[ 0294]

The present description includes the follow ng
enmbodi nent s.

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

(A) a resin or conpound for form ng an organic
film

(B) a fluorine-containing conpound represented by
the follow ng general formula (1); and

(C) a solvent,
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-/ _OR,

OR
"o (1)

wherein L represents a single bond or an nl-val ent
organi c group having 1 to 50 carbon atoms, Ri; represents
a saturated or unsaturated nonoval ent organic group
having 1 to 20 carbon atonms, the organic group Rt having
at | east one fluorine-containing structure represented
by any of the followi ng formulae (2), R: represents a
hydrogen atom or a nonoval ent organic group having 1 to
30 carbon atoms, and “nl” represents an integer of 2 to
8,

*---CFj *--CFy---* "~ ~OCFs;

wherein “*” represents an attachnent point in the
organi c group represented by the Ri;, the organic group R:
optionally having two or nore kinds anong the structures
represented by the formulae (2), or optionally having
two or nore identical structures.

[ 2] The conposition for form ng an organic fil m of
[1], wherein the Ry in the general fornmula (1) has a
structure represented by any of the follow ng general
formul ae (3),
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* * * * ~

I ! |
_ PN CF L&
R1=  FsC” “CF4 3 ~CFs Kf<|:|=2)n2 <|3,:2)n3
CFa CFs
, 7
bad @
- . CFQJ—CFg
1 OCFs3
OCF,

wherein “*” represents an attachnent point in the
organi ¢ group represented by the R;; and “n2”, “n3”, and
“n4” each represent an integer of 1 to 10.

[ 3] The conposition for formng an organic fil m of
[1] or [2], wherein the L in the general formula (1) is
an organic group represented by any of the foll ow ng

general fornul ae (4),

L= *‘(‘CHQ}* _OGCHQ)‘O_ *‘<O_CH2'CH2')O_*
nd né 7

n

. ) o
O\ -~

: :o’ *—o: CO_*
I’O O\'\

-0/ \—o-+ (4)

wherein “*” represents an attachnent point to a
term nal structure including the ORy and the OR:; and
“n5”, “n6”, and “n7” each represent an integer of 1 to
10.

[4] The conposition for form ng an organic fil m of
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any one of [1] to [3], wherein the R in the genera
formula (1) is a hydrogen atom

[5] The conposition for formng an organic fil m of
any one of [1] to [4], wherein the fluorine-containing
conpound (B) represented by the general forrmula (1) has
a wei ght -average nol ecul ar wei ght of 300 to 1500.

[6] The conposition for formng an organic fil m of
any one of [1] to [5], wherein the fluorine-containing
conpound (B) represented by the general formula (1)
satisfies 1.00 £ Mw/Mn < 1.10, where Mw 1is a weight-
average nol ecul ar weight and Mh is a nunber-average
nol ecul ar wei ght neasured by gel perneation
chromat ography in ternms of pol ystyrene.

[ 7] The conposition for form ng an organic fil m of
any one of [1] to [6], wherein the fluorine-containing
conmpound (B) is contained in an amount of 0.01 parts by
mass to 5 parts by mass based on 100 parts by mass of
the resin or conpound (A) for formng an organic film

[8] A nethod for formng an organic filmto be used
in a manufacturing process of a sem conductor device,

t he method conpri sing:

spin-coating a substrate to be processed with the
conposition for formng an organic filmof any one of
[1] to [7] to obtain a coating film and

formng a cured filmby heating the coating film at
a tenmperature of 100°C or hi gher and 600°C or | ower for
10 to 600 seconds.

[9] A patterning process conprising:

form ng an organi c underlayer filmon a body to be
processed by using the conmposition for form ng an
organic filmof any one of [1] to [7];

formng a resist mddle layer filmon the organic

underlayer filmby using a resist mddle |layer film
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material containing a silicon atom

formng a resist upper layer filmon the resist
m ddl e | ayer film by using a resist upper layer film
mat eri al conprising a photoresist conposition;

forming a circuit pattern in the resist upper |ayer
film

transferring the pattern to the resist mddle |ayer
filmby etching while using the resist upper layer film
having the formed circuit pattern as a mask

transferring the pattern to the organi c underl ayer
filmby etching while using the resist mddle |layer film
having the transferred pattern as a mask; and

further transferring the pattern to the body to be
processed by etching while using the organic underl ayer
filmhaving the transferred pattern as a nmask.

[ 10] A patterning process conprising:

form ng an organic underlayer filmon a body to be
processed by using the conposition for form ng an
organic filmof any one of [1] to [7];

formng a resist mddle layer filmon the organic
underl ayer filmby using a resist mddle layer film
material containing a silicon atom

form ng an organic antireflective filmor an
adhesive filmon the resist mddle |ayer film

form ng a resist upper layer filmon the organic
antireflective filmor the adhesive filmby using a
resi st upper layer filmmterial conprising a
phot or esi st conposition;

forming a circuit pattern in the resist upper |ayer
film

transferring the pattern to the organic
antireflective filmor the adhesive filmand to the
resist mddle layer filmby etching while using the
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resi st upper layer filmhaving the formed circuit
pattern as a mask;

transferring the pattern to the organi c underl ayer
filmby etching while using the resist mddle |layer film
having the transferred pattern as a mask; and

further transferring the pattern to the body to be
processed by etching while using the organic underl ayer
filmhaving the transferred pattern as a mask.

[ 11] A patterning process conprising:

form ng an organi c underlayer filmon a body to be
processed by using the conmposition for form ng an
organic filmof any one of [1] to [7];

form ng an inorganic hard mask selected fromthe
group consisting of a silicon oxide film a silicon
nitride film and a silicon oxynitride filmon the
organi ¢ underl ayer film

formng a resist upper layer filmon the inorganic
hard mask by using a resist upper |layer filmmteri al
conprising 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 resist upper layer film
having the formed circuit pattern as a mask

transferring the pattern to the organi c underl ayer
filmby etching while using the inorganic hard mask
having the transferred pattern as a mask; and

further transferring the pattern to the body to be
processed by etching while using the organic underl ayer
filmhaving the transferred pattern as a nmask.

[12] A patterning process conprising:

form ng an organic underlayer filmon a body to be

processed by using the conmposition for form ng an
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organic filmof any one of [1] to [7];

form ng an inorganic hard mask selected fromthe
group consisting of a silicon oxide film a silicon
nitride film and a silicon oxynitride filmon the
organi ¢ underl ayer film

form ng an organic antireflective filmor an
adhesive filmon the inorganic hard mask;

formng a resist upper layer filmon the organic
antireflective filmor the adhesive filmby using a
resi st upper layer filmmterial conprising a
phot or esi st conposition;

formng a circuit pattern in the resist upper |ayer
film

transferring the pattern to the organic
antireflective filmor the adhesive filmand to the
I norgani ¢ hard mask by etching while using the resist
upper layer filmhaving the fornmed circuit pattern as a
mask;

transferring the pattern to the organi c underl ayer
filmby etching while using the inorganic hard mask
having the transferred pattern as a mask; and

further transferring the pattern to the body to be
processed by etching while using the organic underl ayer
filmhaving the transferred pattern as a nmask.

[ 13] The patterning process of [11l] or [12],
wherein the inorganic hard mask is forned by a CVD
met hod or an ALD net hod.

[ 14] The patterning process of any one of [9] to
[13], wherein the circuit pattern is formed by a
i thography using |ight having a wavel ength of 10 nm or
nore and 300 nmor less, a direct witing with electron
beam nanoi nmprinting, or a conbination thereof.

[ 15] The patterning process of any one of [9] to
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[ 14], wherein the circuit pattern is devel oped with an
al kal i ne devel opnment or an organic sol vent.

[ 16] The patterning process of any one of [9] to
[ 15], wherein the body to be processed is a
sem conductor device substrate or the sem conductor
devi ce substrate coated with any of a netal film a
metal carbide film a metal oxide film a metal nitride
film a nmetal oxycarbide film and a netal oxynitride
film

[17] The patterning process of [16], wherein the
metal constituting the body to be processed is silicon,
titanium tungsten, hafnium zirconium chrom um
ger mani um copper, silver, gold, alum num indium
gallium arsenic, palladium iron, tantalum iridium
nol ybdenum or an all oy thereof.

[ 0295]

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

i nventi on.
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CLAI Ms

[Claim1] A conposition for formng an organic film
conpri si ng:

(A) a resin or conpound for form ng an organic
film

(B) a fluorine-containing conpound represented by
the follow ng general formula (1); and

(C) a solvent,

./ _OR,

OR
"o ()

wherein L represents a single bond or an nl-val ent
organi c group having 1 to 50 carbon atonms, Ri; represents
a saturated or unsaturated nonoval ent organic group
having 1 to 20 carbon atonms, the organic group Rt having
at | east one fluorine-containing structure represented
by any of the followi ng formulae (2), R represents a
hydrogen atom or a nonoval ent organic group having 1 to
30 carbon atoms, and “nl” represents an integer of 2 to
8,

*---CFj *--CFp---* "~ ~OCFs;

wherein “*” represents an attachnent point in the
organi c group represented by the Ri;, the organic group R:
optionally having two or nore kinds anong the structures
represented by the formulae (2), or optionally having
two or nore identical structures.
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[ Claim 2] The conposition for formng an organic film
according to claim 11, wherein the Ry in the general
formula (1) has a structure represented by any of the

foll ow ng general fornulae (3),

* * s

I ? i |
- A CF lf
R1=  F,C” “CFs 3 k*(;,:3 %(T:Fz)nz ?Fz)ns
CFs CFs
: T e o)
F F 0 . -
- . "LLCCFz;LCF3
. OCF; n4 F F
OCF3 F (3)

wherein “*” represents an attachnent point in the
organi ¢ group represented by the Ri;; and “n2”, “n3”, and
“n4” each represent an integer of 1 to 10.

[ Cl ai m 3] The conposition for formng an organic film
according to claim1l or 2, wherein the L in the general
formula (1) is an organic group represented by any of

the follow ng general fornulae (4),

L= *‘(‘CHQ}* _OGCHQ)‘O_ *‘<O_CH2'CH2')O_*
né n7

nos

o X oo, oY o Lo,
O‘\

o= (4)



wherein “*” represents an attachnent point to a
term nal structure including the OR; and the OR;; and
“n5”, “n6”, and “n7” each represent an integer of 1 to
10.

[ Cl ai m 4] The conposition for formng an organic film
according to any one of clains 1 to 3, wherein the Rx in
the general formula (1) is a hydrogen atom

[ Clai m 5] The conposition for formng an organic film
according to any one of clainms 1 to 4, wherein the
fluorine-containing compound (B) represented by the
general formula (1) has a wei ght-average nol ecul ar

wei ght of 300 to 1500.

[ Cl ai m 6] The conposition for formng an organic film
according to any one of clains 1 to 5, wherein the
fluorine-containing conmpound (B) represented by the
general formula (1) satisfies 1.00 £ Mw/Mn < 1.10, where
Mv is a weight-average nol ecul ar weight and Mh is a
nunber - aver age nol ecul ar wei ght nmeasured by gel
perneati on chromat ography in ternms of polystyrene.

[Claim 7] The conposition for formng an organic film
according to any one of clainms 1 to 6, wherein the
fluorine-containing conpound (B) is contained in an
amount of 0.01 parts by mass to 5 parts by nass based on
100 parts by mass of the resin or compound (A) for

form ng an organic film

[ Cl ai m 8] A nmethod for form ng an organic filmto be
used in a manufacturing process of a sem conductor

devi ce, the method conprising:
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spin-coating a substrate to be processed with the
conposition for formng an organic filmaccording to any
one of claims 1 to 7 to obtain a coating film and

formng a cured filmby heating the coating film at
a tenmperature of 100°C or higher and 600°C or | ower for
10 to 600 seconds.

[ Claim 9] A patterning process conprising:

form ng an organic underlayer filmon a body to be
processed by using the conmposition for form ng an
organic filmaccording to any one of clains 1 to 7,

formng a resist mddle layer filmon the organic
underl ayer filmby using a resist mddle |layer film
material containing a silicon atom

form ng a resist upper layer filmon the resist
m ddl e | ayer film by using a resist upper layer film
mat eri al conprising a photoresist conposition;

formng a circuit pattern in the resist upper |ayer
film

transferring the pattern to the resist mddle |ayer
filmby etching while using the resist upper layer film
having the fornmed circuit pattern as a mask;

transferring the pattern to the organi c underl ayer
filmby etching while using the resist mddle |layer film
having the transferred pattern as a mask; and

further transferring the pattern to the body to be
processed by etching while using the organic underl ayer

filmhaving the transferred pattern as a nmask.

[Claim 10] A patterning process conprising:
form ng an organic underlayer filmon a body to be
processed by using the conposition for form ng an

organic filmaccording to any one of clains 1 to 7,
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formng a resist mddle layer filmon the organic
underl ayer filmby using a resist mddle layer film
material containing a silicon atom

form ng an organic antireflective filmor an
adhesive filmon the resist mddle |ayer film

form ng a resist upper layer filmon the organic
antireflective filmor the adhesive filmby using a
resi st upper layer filmmterial conprising a
phot or esi st conposition;

forming a circuit pattern in the resist upper |ayer
film

transferring the pattern to the organic
antireflective filmor the adhesive filmand to the
resist mddle layer filmby etching while using the
resi st upper layer filmhaving the formed circuit
pattern as a mask;

transferring the pattern to the organi c underl ayer
filmby etching while using the resist mddle |layer film
having the transferred pattern as a mask; and

further transferring the pattern to the body to be
processed by etching while using the organic underl ayer
filmhaving the transferred pattern as a mask.

[Claim 11] A patterning process conprising:

form ng an organic underlayer filmon a body to be
processed by using the conposition for form ng an
organic filmaccording to any one of clains 1 to 7;

form ng an inorganic hard nask selected fromthe
group consisting of a silicon oxide film a silicon
nitride film and a silicon oxynitride filmon the
organi ¢ underl ayer film

formng a resist upper layer filmon the inorganic

hard mask by using a resist upper |layer filmmteri al
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conpri sing 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 resist upper layer film
having the formed circuit pattern as a mask

transferring the pattern to the organi c underl ayer
filmby etching while using the inorganic hard mask
having the transferred pattern as a mask; and

further transferring the pattern to the body to be
processed by etching while using the organic underl ayer

filmhaving the transferred pattern as a mask.

[Claim 12] A patterning process conprising:

form ng an organi c underlayer filmon a body to be
processed by using the conposition for form ng an
organic filmaccording to any one of clainms 1 to 7;

form ng an inorganic hard mask selected fromthe
group consisting of a silicon oxide film a silicon
nitride film and a silicon oxynitride filmon the
organi ¢ underl ayer film

form ng an organic antireflective filmor an
adhesive filmon the inorganic hard mask;

form ng a resist upper layer filmon the organic
antireflective filmor the adhesive filmby using a
resi st upper layer filmmterial conprising a
phot oresi st conposition;

forming a circuit pattern in the resist upper |ayer
film

transferring the pattern to the organic
antireflective filmor the adhesive filmand to the
I norgani ¢ hard mask by etching while using the resist

upper layer filmhaving the fornmed circuit pattern as a
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mask;

transferring the pattern to the organi c underl ayer
filmby etching while using the inorganic hard mask
having the transferred pattern as a mask; and

further transferring the pattern to the body to be
processed by etching while using the organic underl ayer

filmhaving the transferred pattern as a mask.

[Claim 13] The patterning process according to claim 11
or 12, wherein the inorganic hard mask is fornmed by a
CVD net hod or an ALD net hod.

[Claim 14] The patterning process according to any one
of clains 9 to 13, wherein the circuit pattern is fornmed
by a lithography using |ight having a wavel ength of 10
nmor nore and 300 nmor less, a direct witing with

el ectron beam nanoi nprinting, or a conbination thereof.

[Claim 15] The patterning process according to any one
of clains 9 to 14, wherein the circuit pattern is
devel oped with an al kali ne devel opnent or an organic

sol vent .

[Claim 16] The patterning process according to any one
of clains 9 to 15, wherein the body to be processed is a
sem conductor device substrate or the sem conductor

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

film

[Claim 17] The patterning process according to claim 16

wherein the metal constituting the body to be processed
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is silicon, titanium tungsten, hafnium zirconium
chrom um germanium copper, silver, gold, alum num
i ndium gallium arsenic, palladium iron, tantalum

iridium nolybdenum or an alloy thereof.
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