DESCRI PTI ON

PATTERNI NG PROCESS

TECHNI CAL FI ELD
[ 0001]
The present invention relates to a patterning

process by a sidewall spacer nethod.

BACKGROUND ART
[ 0002]

I n 1980s, photo exposure using exposure |light of a
g-line (436 nm or an i-line (365 nm of a mercury |anm
as a light source had been wi dely used in resist
patterning. As a neans for further mniaturization
shifting to exposure |ight having shorter wavel engths
was considered effective, and in the mass production
process of dynam c¢ random access nenory (DRAM with 64
megabits (processing dimension of 0.25 um or less) in
1990s and later, a KrF excinmer laser (248 nm wth a
shorter wavel ength had been used in place of the i-line
as an exposure |ight source.

[ 0003]

However, in production of DRAMs with integration of
256 MB and 1 GB or higher which require further
m ni aturized process technol ogies (processing di mension
of 0.2 puym or less), a light source with a shorter
wavel ength is required. Photolithography using an ArF
exci mer | aser (193 nm has been investigated seriously
over a decade. At first, it was expected that the ArF
i thography would be applied to the fabrication of 180
nm node devi ces. However, the KrF excimer |ithography

had been used until the mass production of 130 nm node



devices. The full-fledged application of the ArF

i thography started fromthe 90 nm node. Further, the
mass production of 65 nm node devices is underway by
conmbining the ArF lithography with a | ens having an

i ncreased nunerical aperture (NA) of 0.9. |In pursuit of
further shortening the exposure |ight wavel ength for the
next 45 nm node devices, F2 |ithography with 157 nm
wavel ength enmerged as a candidate. However, the F:

i t hography has various problens including: increased
cost for a scanner due to use of large quantities of
expensive CaF: single crystal for a projection |ens;
extremely poor durability of a soft pellicle and thus

i ntroduction of a hard pellicle, |eading to change of
optical systens; and decrease in etching resistance of a
resist film Because of these problens, devel opnent of
the F2 lithography was suspended, and the ArF inmersion
i t hography was i ntroduced.

[ 0004]

In the ArF imersion |ithography, water having a
refractive index of 1.44 is introduced between a
projection lens and a wafer by a partial fill nethod,

t hereby enabling high speed scanning. Thus, nass
producti on of the 45 nm node devices is now underway by
using a lens with a NA of 1.3.

[ 0005]

As the 32 nmnode |ithography technol ogy, extrene
ultraviolet |ithography (EUV) with 13.5 nm wavel ength in
vacuumis now in practical use. In the photo exposure
used as common technol ogy, the resolution based on the
wavel ength of a |light source is approaching its inherent
limt.

[ 0006]
Agai nst this background, one of mniaturization



technol ogi es that have recently attracted attention is a
doubl e patterning process, in which a pattern is forned
by a first exposure and devel opnent, and then a pattern
Is formed exactly in the spaces of the first pattern by
a second exposure (Non Patent Docunent 1). Many
processes have been proposed as doubl e patterning

met hods. For exanple, (1) a photoresist pattern with a
| i ne-and-space interval of 1:3 is formed by a first
exposure and devel opnent; an underlayer hard mask is
processed by dry-etching; another hard mask is forned
thereon; a line pattern is fornmed by exposure and

devel opnent for a photoresist filmin a space portion
formed by the first exposure; and the hard nask is then
processed by dry-etching to forma |ine-and-space
pattern having a pitch half the first pattern pitch
According to another exanple, (2) a photoresist pattern
with a space-and-line interval of 1:3 is formed by a
first exposure and devel opnent; an underlayer hard mask
Is processed by dry-etching; a photoresist filmis
applied thereon; the remaining part of the hard mask is
subj ected to exposure for a second space pattern; and
the hard mask is then processed by dry-etching. 1In both
of these methods, the hard mask i s processed tw ce by
dry- et ching.

[ 0007]

In the former nmethod, the hard mask needs to be
formed twice. The latter nmethod only requires one | ayer
of the hard mask but requires formation of a trench
pattern which is nore difficult to achieve resolution
than a line pattern. Moreover, in the latter nethod, a
negative resist material may be used to formthe trench
pattern. In this method, high-contrast light simlar to

that for formng a line using a positive devel opnent



pattern can be used. However, a negative resist
material has a | ower dissolution contrast than a
positive resist material. Thus, in conparison between
formng aline with a positive resist material and
formng a trench pattern of the sanme dinensions with a
negative resist material, the resolution is | ower when
using a negative resist material. In the latter nethod,
a thermal flow nmethod may be enployed in which a w de
trench pattern is formed using a positive resist
material, and the trench pattern is then shrunk by
heating the substrate. Alternatively, a RELACS net hod
may be enployed in which a trench pattern after
devel opnent is coated with a water-soluble film and the
trench is shrunk by heating and crosslinking of the
resist filmsurface. These nethods, however, have
dr awbacks such as deterioration in proximty bias and
| ow t hr oughput due to further conplicated process.
[ 0008]

In both of the former and latter nethods, the
substrate needs to be etched twce. This causes | ower
t hroughput as well as pattern deformation and
m sal i gnment due to two etchings.
[ 0009]

To performetching only once, one nethod is to use
a negative resist material in the first exposure and use
a positive resist material in the second exposure.
Anot her method is to use a positive resist material in
the first exposure and use a negative resist materi al
di ssolved in a higher alcohol with four or nore carbon
atoms that does not dissolve the positive resi st
material in the second exposure. 1In these nmethods, the
resolution is | owered because a negative resist materi al

having a | ow resolution is used.



[ 0010]

Yet anot her nmet hod has been proposed, in which a
pattern fornmed by a first exposure and devel opnent is
treated with a reactive nmetal conpound to insolubilize
the pattern, and then a second pattern is newy forned
in an internmedi ate space of the first pattern by
exposure and devel opnent (Patent Document 1).

[0011]

The nost critical problemin such double patterning
Is the overlay accuracy of the first and second
patterns. Variation of the line dinensions depends on
t he magni tude of position displacement. Thus, for
example, to form32-nmlines with 10% accuracy, the
overlay accuracy within 3.2 nmis necessary. Because
t he overlay accuracy of a current scanner is about 8 nm
a significant inprovenent of the accuracy is necessary.
[ 0012]

Because of the problem of the scanner overlay
accuracy and the difficulty to divide one pattern into
two, a nethod for reducing the pitch to half in one
exposure has been contenpl ated. For exanple, a sidewall
spacer met hod has been proposed in which a pitch is
reduced to half by formng films on both sides of a line
pattern sidewall (Non Patent Document 2). A spacer
space net hod and a spacer |ine nethod have been proposed
as the sidewall spacer nmethod. In the spacer space
met hod, a hard mask of a resist underlayer and a film
enmbedded in a space between filns attached on sidewalls
of the hard mask are used as an etching pattern. 1In the
spacer line nethod, filnms attached on hard nmask
sidewal | s of a resist underlayer are used as an etching
pattern (Non Patent Docunment 3).

[ 0013]



As the sidewall spacer nmethod, another nmethod has
been proposed in which sidewalls of Si G, o-Si, o-C, or
the like are fornmed in a core pattern by a CVD net hod,
and then the core pattern is renoved by dry-etching,
thereby formng the sidewall pattern, so that the
pattern pitch is halved. In a nultilayer resist process
usi ng an organic resist underlayer filmand a silicon-
containing mddle layer film a resist pattern is
transferred by dry-etching to a core material fornmed of
an organi c underlayer film then sidewalls are formed on
the core material having the transferred pattern, and
subsequently, the core material is renoved to forma
pattern with a 1/2 pattern pitch. However, when the
core material which is unnecessary after formng the
sidewalls is renoved, the silicon-containing mddle
| ayer filmis left on an upper portion of the organic
underlayer film 1In order to renove the silicon-
containing mddle layer film dry-etching using fluorine
gas needs to be performed. The dry-etching step for
renmoving the silicon-containing mddle |ayer film
danages the substrate. This |eads to unsatisfactory
performance of products and yield decrease.

[ 0014]

A nmet hod of renoving the silicon-containing m ddle
|l ayer filmleft on the organic underlayer film w thout
damagi ng the substrate has been proposed, in which the
silicon-containing mddle |ayer filmleft on an upper
portion of the organic underlayer filmis washed and
removed with a stripper that does not damage the organic
underl ayer filmor the substrate, and an inorganic
silicon filmpattern (sidewall pattern) is forned with a
pattern pitch that is 1/2 of that of the upper |ayer
resist pattern (Patent Docunent 2). On other hand, in



formng a finer pattern, a wet stripping process has the
ri sk of causing pattern collapse. Thus, there has been
a demand for a practical patterning process using dry-

et chi ng.

Cl TATI ON LI ST

PATENT LI TERATURE

[ 0015]

Pat ent Docunent 1: JP 2008-33174 A
Pat ent Docunent 2: JP 2020-111727 A

NON PATENT LI TERATURE

[ 0016]

Non Patent Docunent 1: Proc. SPIE Vol. 5754 p. 1508
(2005)

Non Patent Docunment 2: J. Vac. Sci. Technol. B17(6),

Nov/ Dec 1999

Non Patent Docunent 3: Fourth International Synposium on
Liquid I mrersion (2007), Presentation No. PR-01, Title:

| npl ementation of imersion |lithography to NAND/ CMOS

I i thography to NAND/ CMOS devi ce manufacturing

SUMVARY OF | NVENTI ON
TECHNI CAL PROBLEM
[0017]

The sidewall spacer nethod using an organic resist
underl ayer filmas a core material is useful for formng
a fine pattern. However, in a conbination of an organic
resi st underlayer filmand a silicon-containing m ddle
| ayer film which is a mainstream of the multil ayer
resi st process, the point at issue is how the silicon-
containing mddle layer filmleft on the organic resist

underl ayer filmis to be renpved.



[ 0018]

In view of the above circunstances, the present
i nvention ains to provide a patterning process capable
of formng a finer pattern readily and efficiently and
formng a pattern with high snmoot hness, w thout damagi ng
a substrate.

SOLUTI ON TO PROBLEM
[ 0019]

To achieve the object, the present invention
provi des a patterning process for formng a pattern in a
substrate to be processed. The nethod includes steps
of :

(i-1) form ng an organic underlayer filmin a
substrate to be processed, form ng a tin-containing
m ddl e layer filmon the organic underlayer film and
further form ng an upper layer resist filmon the tin-
containing mddle [ayer film

(i-2) perform ng pattern exposure and subsequent
devel opnent in the upper |ayer resist filmto form an
upper |ayer resist pattern;

(i-3) dry-etching the tin-containing mddle |ayer
filmwhile using the upper |ayer resist pattern as a
mask to transfer the upper layer resist pattern to the
tin-containing mddle layer film and further dry-
etching the organic underlayer filmwhile using the tin-
containing mddle [ayer film having the transferred
upper | ayer resist pattern as a mask to form an organic
underl ayer filmpattern on an upper portion of which a
portion of the tin-containing mddle layer filmis left;

(i-4) renmoving the portion of the tin-containing
m ddle layer filmleft on the upper portion of the

organi ¢ underl ayer film pattern by dry-etching;



(i-5) formng an inorganic silicon-containing film
conpri sing polysilicon, amorphous silicon, silicon
oxide, silicon nitride, silicon oxynitride, silicon
carbide, or a conposite material thereof, by a CVD
met hod or an ALD nethod, so as to cover the organic
under | ayer film pattern;

(i-6) renmoving a portion of the inorganic silicon-
containing filmby dry-etching to expose the upper
portion of the organic underlayer film pattern;

(i-7) renmoving the organic underlayer film pattern
to forman inorganic silicon-containing filmpattern
with a pattern pitch that is 1/2 of a pattern pitch of
t he upper |ayer resist pattern; and

(i-8) processing the substrate to be processed
whil e using the inorganic silicon-containing film
pattern as a mask to forma pattern in the substrate to
be processed.

[ 0020]

Wth such a patterning process, the tin-containing
m ddl e | ayer film and the organic underlayer filmthat
formthe core material can be renoved by dry-etching
wi t hout danagi ng the inorganic silicon-containing film
that forms sidewalls or the substrate, so that the
I norgani c silicon-containing filmpattern (sidewall
pattern) with a pattern pitch that is 1/2 of that of the
upper |ayer resist pattern can be formed readily and
efficiently without causing unsatisfactory performance
of products or yield decrease.

[ 0021]

Further, the present invention provides a
patterni ng process for formng a pattern in a substrate
to be processed. The nethod includes steps of:

(ii-1) form ng an organi c underlayer filmon a



substrate to be processed, form ng a tin-containing

m ddl e layer filmon the organic underlayer film and
further form ng an upper layer resist filmon the tin-
containing mddle [ayer film

(ii-2) performng pattern exposure and subsequent
devel opnent in the upper |ayer resist filmto form an
upper |ayer resist pattern;

(ii-3) dry-etching the tin-containing mddle |ayer
filmwhile using the upper |ayer resist pattern as a
mask to transfer the upper layer resist pattern to the
tin-containing mddle layer film and further dry-
etching the organic underlayer filmwhile using the tin-
containing mddle [ayer film having the transferred
upper | ayer resist pattern as a mask to form an organic
underl ayer filmpattern on an upper portion of which a
portion of the tin-containing mddle layer filmis left;

(ii-4) formng an inorganic silicon-containing film
conpri sing polysilicon, amorphous silicon, silicon
oxide, silicon nitride, silicon oxynitride, silicon
carbide, or a conposite material thereof, by a CVD
met hod or an ALD nethod, so as to cover the portion of
the tin-containing mddle layer filmand the organic
under | ayer film pattern;

(ii-5) renmoving a portion of the inorganic silicon-
containing filmby dry-etching to expose an upper
portion of the portion of the tin-containing mddle
| ayer film

(ii-6) renmoving the portion of the tin-containing
m ddle layer filmleft on the upper portion of the
organi ¢ underl ayer film pattern by dry-etching;

(ii-7) renmoving the organic underlayer film pattern
by dry-etching to forman inorganic silicon-containing
filmpattern with a pattern pitch that is 1/2 of a

10



pattern pitch of the upper |ayer resist pattern;
and

(ii-8) processing the substrate to be processed
whil e using the inorganic silicon-containing film
pattern as a mask to forma pattern in the substrate to
be processed.

[ 0022]

Wth such a patterning process, the tin-containing
m ddl e | ayer film and the organic underlayer filmthat
formthe core material can be renoved by dry-etching
wi t hout damagi ng the inorganic silicon-containing film
that forms sidewalls or the substrate, so that the
i norganic silicon-containing filmpattern (sidewall
pattern) with a pattern pitch that is 1/2 of that of the
upper | ayer resist pattern can be forned readily and
efficiently without causing unsatisfactory performance
of products or yield decrease.

[ 0023]

It is preferable that in the step (i-4) or (ii-6),
the tin-containing mddle layer filmis etched by plasm
formed in a Hx-containing gas.

[ 0024]

By using a H:-containing gas, the tin-containing
m ddl e | ayer film can be removed w t hout damagi ng the
i norganic silicon-containing filmthat fornms sidewalls
or the substrate.

[ 0025]

It is preferable that the tin-containing mddle
|l ayer filmis formed by spin coating using a conposition
for formng a tin-containing mddle [ayer film
[ 0026]

When the patterning process for formng the tin-

containing mddle layer filmis spin coating using a

11



conposition for formng a tin-containing mddle |ayer
film the tin-containing mddle |ayer filmcan be forned
i nexpensively and efficiently.

[0027]

It is preferable that the tin-containing mddle
|l ayer filmis fornmed froma conposition for formng a
tin-containing mddle layer film the conposition
conpri sing a conpound having a crosslinkable organic
structure.

[ 0028]

The use of the tin-containing mddle |ayer film
formed using a composition for formng a tin-containing
m ddl e |l ayer filmthat contains a crosslinkabl e organic
structure is advantageous to fine pattern formation,
because a pattern with high snoot hness can be
transferred to the organic underlayer film
[ 0029]

In this case, it is preferable that the conpound
havi ng one or nore selected fromthe group consisting
of :

a hydroxyl group

an organi c group having a protective group which is
to be elimnated by an action of acid or heat or both to
generate one or nore hydroxyl groups or carboxyl groups;
and

an organi c group represented by any one of the
foll ow ng general fornulae (a-1) to (a-3) and (b-1) to
(b-4)

I's used as the crosslinkable organic structure:

A *\“o’l\f o hn

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

Ry

12



(in the general formulae (a-1) to (a-3), R:
represents a hydrogen atom or a nonoval ent organi c group
having 1 to 10 carbon atonms, q represents 0 or 1, and *

represents a bondi ng point)

Ri g
R1 1
v/ \ =
R14<7 \ R~1‘%7R1 \\
*—N *—N
/ =N * =N
R4 R2 R>
1&&‘ 7
Ry
(b-1) (b-2) (b-3) (b-4)

(in the general fornmulae (b-1) and (b-3), R
represents a hydrogen atomor a nmethyl group, and in the
sanme formula, they may be the same or different; in (b-
3) to (b-4), R represents a hydrogen atom a substituted
or unsubstituted saturated or unsaturated nonoval ent
organi c group having 1 to 20 carbon atonms, a substituted
or unsubstituted aryl group having 6 to 30 carbon atons,
or a substituted or unsubstituted aryl al kyl group havi ng
7 to 31 carbon atons; * represents a bondi ng point).

[ 0030]

The use of the compound havi ng such a crosslinkabl e
organic structure is nore advantageous to fine pattern
formation, because a pattern with higher snpoot hness can
be transferred to the organic underlayer film
[ 0031]

It is preferable that in the step (i-1) or (ii-1),
a water-repellent coating filmis further formed on the
upper |ayer resist film
[ 0032]

Such a patterning process can be enpl oyed when a

protective filmfor the upper layer resist is necessary

13



to use i mersion exposure in formng the upper |ayer
resi st pattern.
[ 0033]

It is preferable that in the step (i-1) or (ii-1),
an organi c adhesive filmis formed in m ddl e between the
tin-containing mddle |layer filmand the upper |ayer
resist film
[ 0034]

By form ng an organic adhesive filmin the mddle
between the tin-containing mddle |ayer filmand the
upper layer resist film a satisfactory pattern shape
can be obtained in pattern formation in the upper |ayer
resist filmand coll apse of a fine pattern can al so be

suppressed.

ADVANTAGEOQUS EFFECTS OF | NVENTI ON
[ 0035]

As descri bed above, the patterning process
according to the present invention is a patterning
process for formng a fine pattern using a sidewal
spacer process, in which the tin-containing mddle |ayer
filmand the organic underlayer filmthat formthe core
mat eri al can be renoved by dry-etching w thout damagi ng
the inorganic silicon-containing filmthat forns
sidewalls or the substrate. Thus, a practical
patterni ng process can be provided that can readily and
efficiently forman inorganic silicon-containing film
pattern (sidewall pattern) with a pattern pitch that is
1/2 of that of the upper |layer resist pattern, wthout
causi ng unsatisfactory performance of products or yield

decr ease.

BRI EF DESCRI PTI ON OF DRAW NGS
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[ 0036]

FIG 1 is an illustration of an example of a first
aspect of a patterning process according to the present
I nvention; and

FIG 2 is an illustration of an exanple of a second
aspect of a patterning process according to the present
i nventi on.

DESCRI PTI ON OF EMBODI MENTS
[ 0037]

As descri bed above, with recent mniaturization of
pattern rules, there has been a denmand for a practica
patterni ng process that readily and efficiently can form
finer patterns and can be applied to a sem conduct or
manuf act uri ng process.

[ 0038]

The inventors of the present invention have
conduct ed el aborate studies to achieve the object and
found a tin-containing mddle layer filmand an organic
resi st underlayer filmreadily renovable by dry-etching
can be used to provide a practical patterning process
that can readily and efficiently form an inorganic
silicon-containing filmpattern (sidewall pattern) with
a pattern pitch that is 1/2 of that of an upper |ayer
resi st pattern, w thout damagi ng the inorganic silicon-
containing filmthat forns sidewalls or the substrate.
This finding has led to conpletion of the present
I nventi on.

[ 0039]

Specifically, a first aspect of the present
i nvention provides a patterning process for formng a
pattern in a substrate to be processed. The nethod

i ncl udes steps of:
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(i-1) form ng an organic underlayer filmon a
substrate to be processed, form ng a tin-containing
m ddl e |l ayer filmon the organic underlayer film and
further form ng an upper layer resist filmon the tin-
containing mddle [ayer film

(i-2) perform ng pattern exposure and subsequent
devel opnent in the upper layer resist filmto form an
upper |ayer resist pattern;

(i-3) dry-etching the tin-containing mddle |ayer
filmwhile using the upper |ayer resist pattern as a
mask to transfer the upper layer resist pattern to the
tin-containing mddle |layer film and further dry-
etching the organic underlayer filmwhile using the tin-
containing mddle [ayer film having the transferred
upper | ayer resist pattern as a mask to form an organic
underl ayer filmpattern on an upper portion of which a
portion of the tin-containing mddle layer filmis left;

(i-4) renoving the portion of the tin-containing
m ddle layer filmleft on the upper portion of the
organi ¢ underl ayer film pattern by dry-etching;

(i-5) formng an inorganic silicon-containing film
conpri sing polysilicon, amorphous silicon, silicon
oxide, silicon nitride, silicon oxynitride, silicon
carbide, or a conposite material thereof, by a CVD
met hod or an ALD nethod, so as to cover the organic
under | ayer film pattern;

(i-6) renmoving a portion of the inorganic silicon-
containing filmby dry-etching to expose the upper
portion of the organic underlayer film pattern;

(i-7) renmoving the organic underlayer film pattern
to forman inorganic silicon-containing filmpattern
with a pattern pitch that is 1/2 of a pattern pitch of
t he upper |ayer resist pattern; and

16



(i-8) processing the substrate to be processed
whil e using the inorganic silicon-containing film
pattern as a mask to forma pattern in the substrate to
be processed.

[ 0040]

A second aspect of the present invention provides a
patterni ng process for formng a pattern in a substrate
to be processed. The nethod includes steps of:

(ii-1) form ng an organi c underlayer filmon a
substrate to be processed, form ng a tin-containing
m ddl e | ayer filmon the organic underlayer film and
further form ng an upper layer resist filmon the tin-
containing mddle [ayer film

(ii-2) performng pattern exposure and subsequent
devel opnent in the upper |ayer resist filmto form an
upper |ayer resist pattern;

(ii-3) dry-etching the tin-containing mddle |ayer
filmwhile using the upper |ayer resist pattern as a
mask to transfer the upper layer resist pattern to the
tin-containing mddle layer film and further dry-
etching the organic underlayer filmwhile using the tin-
containing mddle [ayer film having the transferred
upper |ayer resist pattern as a mask to form an organic
underl ayer filmpattern on an upper portion of which a
portion of the tin-containing mddle layer filmis left;

(ii-4) formng an inorganic silicon-containing film
conpri sing polysilicon, amorphous silicon, silicon
oxide, silicon nitride, silicon oxynitride, silicon
carbide, or a conposite material thereof, by a CVD
met hod or an ALD nethod, so as to cover the portion of
the tin-containing mddle [ayer filmand the organic
under | ayer film pattern;

(ii-5) renmoving a portion of the inorganic silicon-

17



containing filmby dry-etching to expose an upper
portion of the portion of the tin-containing mddle
| ayer film

(ii-6) renmoving the portion of the tin-containing
m ddle layer filmleft on the upper portion of the
organi ¢ underl ayer film pattern by dry-etching;

(ii-7) renmoving the organic underlayer filmpattern
by dry-etching to forman inorganic silicon-containing
filmpattern with a pattern pitch that is 1/2 of a
pattern pitch of the upper |ayer resist pattern;
and

(ii-8) processing the substrate to be processed
whil e using the inorganic silicon-containing film
pattern as a mask to forma pattern in the substrate to
be processed.

[ 0041]

The present invention will be described in detail
bel ow; however, the present invention is not intended to
be limted by the description.

[ 0042]
<Patterning Process>

A first aspect of the patterning process according
to the present invention includes the above steps (i-1)
to (i-8).

[ 0043]

Wth such a patterning process, a practi cal
patterni ng process can be provided that can readily and
efficiently forman inorganic silicon-containing film
pattern (sidewall pattern) with a pattern pitch that is
1/2 of that of an upper |layer resist pattern, wthout
damagi ng the inorganic silicon-containing filmthat form
sidewal | s or the substrate.

[ 0044]
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A second aspect of the patterning process according
to the present invention includes the above steps (ii-1)
to (ii-8).

[ 0045]

Wth such a patterning process, a practical
patterni ng process can be provided that can readily and
efficiently forman inorganic silicon-containing film
pattern (sidewall pattern) with a pattern pitch that is
1/2 of that of the upper layer resist pattern, wthout
damagi ng the inorganic silicon-containing filmthat form
sidewalls or the substrate to be processed. 1In (ii-6)
and (ii-7), the tin-containing mddle |layer filmand the
organi ¢ underlayer film can be removed by dry-etching
si mul taneously (successively), which is preferable in
terms of productivity.

[ 0046]

Herei nafter, the steps will be described in detai
in order with reference to the drawings. It should be
noted that step (i-1) to step (i-3) in the first aspect
are the sane as step (ii-1) to step (ii-3) in the second
aspect. Hence, first, these steps will be collectively
expl ai ned.

[ 0047]
[Steps (i-1) and (ii-1)]

As illustrated in FIG 1(A) and FIG 2(A), steps
(i-1) and (ii-1) are steps of form ng an organic
underlayer film3 on a substrate 10 to be processed,
formng a tin-containing mddle |ayer film4 on the
organi ¢ underlayer film3, and further form ng an upper
| ayer resist film5 on the tin-containing mddle |ayer
film4. FIG 1(A) and FIG 2(A) illustrate an exanple
in which a layer 2 to be processed is formed on a

substrate 1 to nmake the substrate 10 to be processed,
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and the organic underlayer film3 is fornmed on the |ayer
2 to be processed of the substrate 10 to be processed.

[ 0048]

<Substrate to be Processed>

For exanple, a substrate for manufacturing a
sem conductor can be used as the substrate 1. For
example, a filmfornmed of one of a netal film a netal
carbide film a metal oxide film a metal nitride film
and a conposite filmthereof can be used as the |ayer 2
to be processed (portion to be processed) on the
substrate 1.

[ 0049]

A silicon substrate is commonly used as the
substrate for manufacturing a sem conductor. However
the present invention is not limted to this, and a
material different fromthe |ayer to be processed, such
as Si, amorphous silicon (a-Si), p-Si, Si02, Si N, SiON,
W TiN, or A, nmay be used.

[ 0050]

Any one of silicon, titanium tungsten, hafnium
zirconium chrom um germani um copper, alum num and
iron, or an alloy thereof can be used as a netal that
constitutes the layer 2 to be processed. As the |ayer 2
to be processed containing such a netal, for exanple,
Si, Si®, SiN, SiON, SiOC, p-Si, «-Si, TiN, WSi, BPSG,
SOG, Cr, CrO, CrON, MbSi, W WSi, A, Cu, A-Si, and
the like, and a variety of low dielectric films and an
etching stopper filmthereof may be used and fornmed to a
t hi ckness of typically 50 to 10,000 nm particularly 100
to 5,000 nm
[ 0051]
<Organi ¢ Underl ayer Filnp>

When the organic underlayer film (for exanple,
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resi st underlayer film 3 is formed on the substrate 10
to be processed, the organic underlayer film3 can be
formed by spin coating using an application-type organic
under | ayer filmmmaterial, a CvVvD nmethod, or an ALD

met hod.

[ 0052]

Exanpl es of the application-type organic underl ayer
filmmaterial include resins and conpositions disclosed
in WO 2007/ 105776 Al, WO 2009/ 72465 Al, WO 2010/61774
Al, WO 2010/ 147155 A1, WO 2011/125839 Al, WO 2012/50064
Al, WO 2012/ 77640 Al, WO 2013/5797 Al, WO 2013/47106 A1,
WO 2013/ 47516 Al, WO 2013/80929 Al, WO 2013/115097 A1,
WO 2013/ 146670 Al, WO 2014/24836 Al, WO 2014/208324 A1,
WO 2014/ 208499 Al, WO 2015/170736 Al, WO 2015/194273 Al,
WO 2016/ 147989 Al, JP 2001-40293 A, JP 2002-214777 A, JP
2002- 296789 A, JP 2004-205685 A, JP 2004-264710 A, JP
2005- 043471 A, JP 2005-250434 A, JP 2005-128509 A, JP
2006- 259249 A, JP 2006-285046 A, JP 2007-171895 A, JP
2007- 199653 A, JP 2007-293294 A, JP 2008-65303 A, JP
2008- 65081 A, JP 2008-274250 A, JP 2009-14816 A, JP
2009- 229666 A, JP 2009-251130 A, JP 2010-122656 A, JP
2010- 15112 A, JP 2010-271654 A, JP 2011-107684 A, JP
2011- 170059 A, JP 2012-1687 A, JP 2012-77295 A, JP 2012-
214720 A, JP 2012-215842 A, JP 2013-83939 A, JP 2014-
24831 A, JP 2014-157169 A, JP 2015-131954 A, JP 2015-
183406 A, JP 2016-29160 A, JP 2016-44272 A, JP 2016-
60886 A, JP 2016-145849 A, JP 2016-167047 A, JP 2016-
216367 A, JP 2017-3959 A, JP 2017-119670 A, JP 2017-
119671 A, JP 2013-516643 A, JP 2015-515112 A, JP 2019-
44022 A, and the like. In the present invention, it is
preferable to use a resin containing an aromatic
skel eton-contai ni ng conpound such as a napht hal ene

skel et on-cont ai ni ng conpound, a fl uorene skel et on-
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cont ai ni ng conpound, a carbazol e skel et on-cont ai ni ng
conpound, an acenapht hyl ene skel et on-cont ai ni ng
conpound, a napht hol skel eton-contai ning conpound, and a
bi snapht hol skel et on-cont ai ni ng conpound.

[ 0053]

When the organic underlayer film3 is formed by
spin coating, it is preferable to evaporate a sol vent
after spin coating and perform baking (heat treatnment)
for accelerating a crosslinking reaction in order to
prevent mxing with the upper layer resist filmb5 and a
m ddl e | ayer film (for exanple, the tin-containing
m ddl e |l ayer filmor the optional organic adhesive
film. Baking is performed preferably in a range from
100°C to 600°C for 10 to 600 seconds, nore preferably in
a range from 200°C to 500°C for 10 to 300 seconds.
Considering the effects on device danmage and waf er
def ormati on, the upper Iimt of heating tenperature in a
waf er process in lithography is preferably 600°C or
| ower, nore preferably 500°C or | ower.

[ 0054]

The organi c underlayer film 3 can also be formed by
applying a conposition for form ng an organi c underl ayer
filmon the substrate 10 to be processed by spin coating
or the like in the same manner as descri bed above, and
baki ng and curing the conposition for form ng an organic
underlayer filmin an atnosphere with an oxygen
concentration of 0.1% by volune or nore and 21% by
vol unme or | ess.

[ 0055]

By baking the conposition for form ng an organic
underlayer filmin such an oxygen atnosphere, the
organi ¢ underlayer film 3 hardened sufficiently can be
obt ai ned. The atnosphere during baking may be in the
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air, but preferably filled with an inert gas such as N,
Ar, and He for reducing oxygen in order to prevent

oxi dation of the organic underlayer film 3. The oxygen
concentration needs to be controlled in order to prevent
oxidation and is preferably 1000 ppmor |ess, nore
preferably 100 ppm or |ess (volunetric basis). It is
preferable to prevent oxidation of the organic

underl ayer film 3 during baking, because if so, increase
I n absorption or decrease in etching resistance is
prevent ed.

[ 0056]

<Ti n- Cont ai ning M ddl e Layer Filnp

The tin-containing mddle |ayer film4 can be
readily renmoved by dry-etching. Unlike a case where a
silicon-containing mddle layer filmis used as a m ddle
| ayer film such a tin-containing mddle |layer film4
can be easily removed by dry-etching w thout damagi ng
the substrate to be processed, or the substrate to be
processed and the inorganic silicon-containing filmthat
forms sidewalls, thereby elimnating the problens such
as performance deterioration of products and yield
decr ease.

[ 0057]

The tin-containing mddle |ayer film4 used in the
patterning process in the present invention is not
limted, but the tin-containing mddle |ayer film4
excellent in heat resistant characteristics, solvent
resi stance, and adhesiveness to the upper |ayer resist
film5 is preferred because it is necessary to formthe
upper |ayer resist film5 on the tin-containing mddle
| ayer film4. When the tin-containing mddle [ayer film
4 is fornmed, the tin-containing mddle |Iayer film4 can

be fornmed by a nethod using an application-type
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conposition for formng a tin-containing mddle |ayer
film a CVD nethod, an ALD nethod, or the like. Spin
coating using an application-type conposition for
formng a tin-containing mddle |layer filmis preferred
in that the tin-containing mddle |ayer film4 can be
formed i nexpensively and efficiently.

[ 0058]

As the application-type conposition for formng a
tin-containing mddle layer film it is preferable to
use the one containing a conmpound having a crosslinkable
organi c structure.

[ 0059]

The use of a conposition for formng a tin-
containing mddle |ayer film containing a conpound
having a crosslinkable organic structure can inprove
heat resistance characteristics and sol vent resistance
required in formng the upper layer resist filmb5, and
adhesi veness to the upper layer resist filmb5.

[ 0060]

It is preferable that the conpound havi ng one or
nore sel ected fromthe group consisting of:

a hydroxyl group

an organi c group having a protective group which is
to be elimnated by an action of acid or heat or both to
generate one or nore hydroxyl groups or carboxyl groups;
and

an organic group represented by any one of the
follow ng general fornmulae (a-1) to (a-3) and (b-1) to
(b-4)

I's used as the crosslinkable organic structure:
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represents a hydrogen atom or a nonoval ent organi c group
having 1 to 10 carbon atonms, q represents 0 or 1, and *
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(b-1) (b-2) (b-3) (b-4)

(in the general formulae (b-1) and (b-3), R¢
represents a hydrogen atomor a nmethyl group, and in the
same formula, they nmay be the same or different; in (b-
3) to (b-4), R represents a hydrogen atom a substituted
or unsubstituted saturated or unsaturated nonoval ent
organic group having 1 to 20 carbon atonms, a substituted
or unsubstituted aryl group having 6 to 30 carbon atons,
or a substituted or unsubstituted aryl al kyl group havi ng
7 to 31 carbon atons; * represents a bondi ng point).

[ 0061]

In the general fornulae (a-1) to (a-3), Ri is
preferably a hydrogen atomor a nmethyl group, and q is
preferably 0 or 1. 1In the general forrmulae (b-1) and
(b-3), R is preferably a hydrogen atom
[ 0062]
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The use of such a conposition having a
crosslinkabl e organic structure can further inprove heat
resi stance characteristics and sol vent resistance
required in formng the upper layer resist film5, and
adhesi veness to the upper layer resist filmb5.

[ 0063]

Exanpl es of the conpound having a crosslinkabl e
organi c structure include the follow ng conpounds.
However, the conpound used in the present invention is
not limted thereto.

[ 0064]
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(I'n the above formulae, Qis a hydrocarbon group
having 1 to 20 carbon atons.)
[ 0065]
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(I'n the above fornul ae,
having 1 to 20 carbon atons.)
[ 0066]
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(I'n the above formulae, nis 1 to 30, Qis a
hydr ocar bon group having 1 to 20 carbon atoms, and *
represents a bondi ng point.)
[ 0067]

o] Q o] (o] o] o
IS A PR W G Py
PROL VROl GO0 | s C
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(I'n the above fornmulae, Qis a hydrocarbon group
having 1 to 20 carbon atons.)
[ 0068]

In the above fornmulae, Qis preferably an n-butyl
group or an n-octyl group.
[ 0069]

Ot her exanpl es include the foll owi ng conmpounds
di scl osed in WO 2018/123388 Al, JP 6591058 B, JP 7096814
B, and JP 2021-179606 A.
[ 0070]
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[0071]

When the tin-containing mddle layer filmis formed
by spin coating, the solvent is evaporated after spin
coating, and baking (heat treatnment) is perforned for
accelerating a crosslinking reaction in order to prevent
m xing with the upper layer resist filmor the resist
m ddle layer film Baking is perforned preferably in a
range from 100°C to 600°C for 10 to 600 seconds, nore
preferably in a range from 150°C to 500°C for 10 to 300
seconds. Considering the effects on device damge and
waf er deformation, the upper Ilimt of heating
tenperature in a wafer process in lithography is
preferably 600°C or |ower, nore preferably 500°C or
| ower .

[0072]
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<Upper Layer Resist Filnp

The upper layer resist filmb5 that can be used in
t he patterning process in the present invention is not
limted, and any of various resist filnms conventionally
known can be used. Although FIG 1 and FIG 2
illTustrate an exanple in which a positive-type upper
| ayer resist filmb5 is used, the upper |ayer resist film
5 may be either a positive type or a negative type, and
the same material as a photoresist conposition commonly
used can be used as its material.

[ 0073]

When t he upper layer resist film5 is formed by
spin coating, prebake is perfornmed after resist
application, preferably in a range from60 to 180°C for
10 to 300 seconds. The thickness of the upper |ayer
resist film5 is preferably, but not limted to, 10 to
500 nm and particularly preferably 20 to 400 nm
[ 0074]
<Wat er - Repel  ent Coating Filnp

When a protective filmfor the upper |ayer resist
filmb5 is necessary to use i mrersion exposure in formng
t he upper |ayer resist pattern in step (i-2) or step
(ii-2) described below, a water-repellent coating film
may be further formed on the upper |layer resist filmb5
in step (i-1) or step (ii-1). The water-repellent
coating filmis not limted and vari ous ones can be
used.

[ 0075]
<Organi ¢ Adhesive Filnp

In (i-1) or (ii-1), it is preferable that an
organi c adhesive filmis formed in m ddl e between the
tin-containing mddle |layer film4 and the upper | ayer
resist filmb5.
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[ 0076]

By form ng an organic adhesive filmin the mddle
between the tin-containing mddle |ayer film4 and the
upper |ayer resist filmb5, a satisfactory pattern shape
can be obtained in pattern formation of the upper |ayer
resist filmb5, and in addition, collapse of the fine
pattern can be suppressed.

[0077]

As the organic adhesive film those conventionally

known can be used.
[ 0078]
[Steps (i-2) and (ii-2)]

Steps (i-2) and (ii-2) each are a step of
perform ng pattern exposure and subsequent devel opnent
I n the upper layer resist filmb5 as illustrated in FIG
1(B) and FIG 2(B) to form an upper |ayer resist pattern
5a as illustrated in FIG 1(C) and FIG 2(C).

[ 0079]

These steps can be performed according to an
ordi nary nethod. For exanple, the upper |ayer resist
pattern 5a with a pattern pitch P1 can be obtained by
perform ng exposure and perform ng post-exposure bake
(PEB) and devel opnent.

[ 0080]

Exanpl es of exposure light include high energy
beanms with a wavel ength of 300 nm or |ess, specifically,
248 nm 193 nm or 157 nm exci nmer |aser beams, 3 to 20
nm soft X-ray, electron beanms, and X-ray.

[ 0081]

The patterning process for the upper |ayer resist
filmis preferably photolithography with a wavel ength of
5 nmto 300 nm direct drawing by el ectron beans,

nanoi nprinting, or a conbination thereof.
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[ 0082]

The devel opment method in the patterning process is
preferably al kal i ne devel opnent or devel opnment by an
organi ¢ sol vent.

[ 0083]

In FIG 1(B) and (C), and FIG 2(B) and (C), an
exposed portion 6 illustrated in FIG 1(B) and FIG 2(B)
is removed by this devel opment process and rinsed to
formthe upper |ayer resist pattern 5a.

[ 0084]
[Steps (1-3) and (ii-3)]

Steps (i-3) and (ii-3) each are a step of dry-
etching the tin-containing mddle layer film4 while
usi ng the upper layer resist pattern 5a as a mask to
transfer the upper |ayer resist pattern 5a to the tin-
containing mddle layer film4 as illustrated in FIG
1(D) and FIG 2(D), and further dry-etching the organic
underlayer film3 while using the tin-containing mddle
| ayer film4 having the transferred upper |ayer resist
pattern 5a (tin-containing mddle |ayer filmpattern 4a)
as a mask to form an organic underlayer filmpattern 3a

on an upper portion of which a portion 4b of the tin-

containing mddle layer filmis left as illustrated in
FIG 1(E) and FIG 2(E).
[ 0085]

In steps (i-3) and (ii-3), when the tin-containing
mddle layer film4 is etched by dry-etching in a dry-
etching condition in which the etching rate of the tin-
containing mddle layer film4 is dom nantly high
relative to the upper layer resist pattern 5a, for
exanple, with plasm fornmed in a H-containing gas while
usi ng the upper |ayer resist pattern 5a as an etching

mask, the upper layer resist pattern 5a can be
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transferred to the tin-containing mddle |layer filmi4
al nrost wi t hout being affected by pattern change due to
side etching of the upper |ayer resist pattern 5a,
resulting in a tin-containing mddle layer filmpattern
4a.

[ 0086]

Subsequently, when reactive dry-etching is
perfornmed on the substrate having the tin-containing
m ddl e | ayer film4 having the transferred upper |ayer
resist pattern 5a (tin-containing mddle layer film
pattern 4a), in a dry-etching condition in which the
etching rate of the organic underlayer film3a is
dom nantly high relative to the tin-containing mddle
| ayer film4, for exanple, with gas plasm containing
oxygen, the organic underlayer film 3 can be etched as
illustrated in FIG 1(E) and FIG 2(E).

[ 0087]

Whil e the organic underlayer film pattern 3a can be
obt ai ned through this etching step, the upper |ayer
resist layer 5 as the top layer is usually lost at the
same time. On the other hand, the portion 4b of the
tin-containing mddle layer film4 serving as an etching
mask is left on the upper portion of the organic
under | ayer film pattern 3a.

[ 0088]
The follow ng steps are different between the first

aspect and the second aspect. Thus, each step in the

first aspect will be described first, and each step in
t he second aspect will be described next.
[ 0089]

<First Aspect>
In the first aspect, steps (i-4) to (i-8) described
bel ow are performed after step (i-3).
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[ 0090]
[Step (i-4)]

As illustrated in FIG 1(F), step (i-4) is a step
of renmoving the portion 4b of the tin-containing mddle
| ayer filmleft on the upper portion of the organic
underl ayer filmpattern 3a by dry-etching.

[ 0091]

In step (i-4), the renoval of the portion 4b of the
tin-containing mddle layer filmleft on the organic
under| ayer filmpattern 3a can be perforned, for
exanpl e, under a condition where the portion 4b of the
tin-containing mddle |layer filmcan be selectively
renmoved wit hout danmagi ng the substrate (substrate 10 to
be processed), for exanple, by dry-etching with plasm
formed in a Hx-containing gas.

[ 0092]
[Step (i-5)]

As illustrated in FIG 1(G, step (i-5) is a step
of formng an inorganic silicon-containing film?7
I ncl udi ng pol ysilicon, anorphous silicon, silicon oxide,
silicon nitride, silicon oxynitride, silicon carbide, or
a conposite material thereof, by a CvD nethod or an ALD
nmet hod, so as to cover the organic underlayer film
pattern 3a.

[ 0093]
[Step (i-6)]

Step (i-6) is a step of renoving a portion of the
I norganic silicon-containing filmby dry-etching to
expose the upper portion of the organic underlayer film
pattern 3a, as illustrated in FIG 1(H). Through this
step, a not-renoved portion 7a of the inorganic silicon-
containing filmis left in the formof a pattern.

[ 0094]
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The dry-etching condition here is not |limted, and
a gas condition and the |ike can be determ ned accordi ng
to the conposition of the inorganic silicon-containing
film
[ 0095]

[Step (i-7)]

Step (i-7) is a step of renmoving the organic
underl ayer filmpattern 3a to forman inorganic silicon-
containing filmpattern 7a with a pattern pitch P> that
Is 1/2 of that of the upper layer resist pattern 5a (1/2
of the pattern pitch P1) as illustrated in FIG 1(1).

[ 0096]

In step (i-7), the organic underlayer film pattern
3a can be renpved under a condition where the organic
underl ayer filmpattern 3a can be selectively renmoved
wi t hout danmagi ng the sidewalls formed of the inorganic
silicon-containing film?7, for exanple, by dry-etching
with gas plasma contai ning oxygen.

[ 0097]
[Step (i-8)]

Step (i-8) is a step of processing the substrate 10
to be processed while using the inorganic silicon-
containing filmpattern 7a as a mask to forma pattern
2a in the substrate 10 to be processed as illustrated in
FIG 1(J).

[ 0098]

The processing of the substrate 10 to be processed
can be perforned in any dry-etching condition that is
dom nantly high relative to the inorganic silicon-
containing filmpattern and can be performed by an
ordi nary method. For exanple, when the body to be
processed is Si®, SiN, or a silica-based |ow dielectric

insulating film etching based on a fluorocarbon gas is
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perf or ned.
[ 0099]
<Second Aspect >

In the second aspect, steps (ii-4) to (ii-8) are
performed after step (ii-3).
[ 0100]
[Step (ii-4)]

As illustrated in FIG 2(F), step (ii-4) is a step
of formng an inorganic silicon-containing film?7
I ncl udi ng polysilicon, anorphous silicon, silicon oxide,
silicon nitride, silicon oxynitride, silicon carbide, or
a conposite material thereof, by a CvVvD nethod or an ALD
met hod, so as to cover the portion 4b of the tin-
containing mddle layer film4 and the organic
under | ayer film pattern 3a.
[0101]
[Step (ii-5)]

Step (ii-5) is a step of renoving a portion of the
i norganic silicon-containing film?7 by dry-etching to
expose an upper portion of the portion 4b of the tin-
containing mddle layer film as illustrated in FIG
2(G . Through this step, a not-renoved portion 7a of
the inorganic silicon-containing filmis left in the
formof a pattern.
[0102]

The dry-etching condition here is not |limted, and
a gas condition and the |ike can be determ ned accordi ng
to the conposition of the inorganic silicon-containing
film?7.
[0103]
[Step (ii-6)]

As illustrated in FIG 2(H), step (ii-6) is a step
of renmoving the portion 4b of the tin-containing mddle

37



| ayer filmleft on the upper portion of the organic
underl ayer filmpattern 3a by dry-etching.
[ 0104]

In step (ii-6), the portion 4b of the tin-
containing mddle [ayer filmcan be renoved under a
condition where the portion 4b of the tin-containing
m ddle |layer filmleft on the organic underlayer film
pattern 3a can be selectively renoved w thout damagi ng
the sidewalls formed of the inorganic silicon-containing
film for exanple, by dry-etching with gas plasm
cont ai ni ng Ho.

[ 0105]
[Step (ii-7)]

Step (ii-7) is a step of renmoving the organic
underl ayer filmpattern 3a by dry-etching to form an
i norganic silicon-containing filmpattern 7a with a
pattern pitch P> that is 1/2 of that of the upper |ayer
resist pattern 5a (1/2 of the pattern pitch P1), as
illustrated in FIG 2(1).

[0106]

In step (ii-7), the organic underlayer film pattern
3a can be renpved under a condition where the organic
underl ayer film pattern 3a can be selectively renoved
wi t hout damagi ng the sidewalls fornmed of the inorganic
silicon-containing film7a, for exanple, by dry-etching
with gas plasma contai ning oxygen.

[0107]
[Step (ii-8)]

Step (ii-8) is a step of processing the substrate
10 to be processed while using the inorganic silicon-
containing filmpattern 7a as a mask to forma pattern
2a in the substrate 10 to be processed as illustrated in
FIG 2(J).
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[0108]

This step (ii-8) is simlar to step (i-8) in the
first aspect.
[0109]

In the patterning process in the present invention
as descri bed above, both when the residue of a materi al
serving as a mask is present and when it is absent after
pattern transfer by dry-etching, the inorganic silicon-
containing filmpattern (sidewall pattern) can be fornmed
wi t hout damagi ng the sidewalls or the substrate.

[0110]

The pattern transfer of a nultilayer resist by dry-
etching that is enployed in the actual sem conduct or
devi ce manufacturing process is often performed under a
condition that a portion of a pattern material serving
as a mask is left on the upper portion of the
transferred pattern in order to ensure the
rectangul arity of the pattern shape after dry-etching.
In other words, also in the patterning process in the
present invention, when the pattern is transferred to
the tin-containing mddle |ayer film4 by dry-etching
usi ng the upper |ayer resist pattern 5a as a mask, the
step can proceed under a condition that a portion of the
upper |ayer resist film5 is left in order to ensure the
rectangularity of the cross-sectional shape of the
pattern 4a of the tin-containing mddle |ayer film 4.
When the pattern is subsequently transferred to the
organi c underlayer film 3 using the tin-containing
m ddl e | ayer filmpattern 4a as a mask, the pattern
transfer step can also proceed simlarly in a state in
whi ch the portion 4b of the tin-containing mddle |ayer
filmis left on the upper portion of the organic

under| ayer filmpattern 3a in order to ensure the
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rectangularity of the cross-sectional shape of the
pattern 3a of the organic underlayer film3. Then

after sidewalls are forned by a sidewall spacer nethod
usi ng the organic underl ayer film pattern 3a as a core
material, that is, with the inorganic silicon-containing
film?7, the organic underlayer filmpattern 3a is
renoved to formthe pattern 7a of the inorganic silicon-
containing film7. Unlike a case where a silicon-
containing mddle layer filmis used as a mddle | ayer
film the tin-containing mddle |ayer filmresidue 4b

|l eft on the upper portion of the organic underlayer film
pattern 3a can be easily renoved by dry-etching w thout
damagi ng the sidewalls formed of the inorganic silicon-
containing film?7 or the substrate 10 to be processed,

t hereby elimnating the problens such as performance

deterioration of products and yield decrease.

EXAMPLES
[0111]

Herei nafter, the present invention will be
specifically described with reference to Exanples and
Conpar ati ve Exanples. However, the present invention is
not limted by the description thereof.

[0112]

The nol ecul ar wei ght and the dispersity were
measured by the followi ng nmethod. The wei ght average
nol ecul ar weight (Mwv) in terns of polystyrene and the
di spersity (M~ Mh) were determ ned by gel perneation
chromat ography (GPC) using tetrahydrofuran as an el uent.
[0113]

[ Synt hesi s Exanpl es]
In the foll owi ng Synthesis Exanpl es, the follow ng

conmpound group G (Gl) to (Gl4) and tin conpound group
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S: (S1) to (S3) were used.

[ 0114]
The conmpound group G (Gl) to (Gl4) is as foll ows.
[0115]
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® 070 Ty ol Q e
:/\ e} Oj\'DH HO)I\v OH/OT HOJH“’J\H’H\)\O'k
(o]
©5) (G86) @n ©8)
o J° ? ¢ e 0
A z ~ s N = -
HDJL“'/TN'W HO™ ™ l*i:\\ HO 6 e HO)I\/}&CI;/N .’_.&
© ~° I
K
(G9) (G10) (G11) G12)
HOOC'J“‘“"COOH HOOC. =
(G13) (G14)
[0116]
The tin conpound group S: (S1) to (S3) is as
fol | ows.
(S1): dibutyltin oxide
(S2): dibenzyltin oxide
(S3): dioctyltin oxide
[0117]

[ Synt hesi s Exanple 1] Synthesis of conpound (A-1) for
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formng a tin-containing mddle |ayer film

Di butyltin oxide (S1) (5.0 g), carboxylic acid (Gl)
(11.0 g), and toluene (100 g) were charged and refl uxed
for seven hours while renoving water. After the
reaction, the solvent was renoved under a reduced
pressure, and with addition of hexane, filtration and
washi ng were performed. The recovered solid was dried
under vacuum at 70°C to yield a conpound (A-1) for
formng a tin-containing mddle |ayer film

(A-1): Mwv = 254, MW M = 1.18
[0118]

OH

HO
o e
H /fﬁd/“%*’\v#\\ H
[0119]
[ Synt hesis Exanple 2] Synthesis of conmpounds (A-2) to
(A-13) for formng a tin-containing mddle layer film
Compounds (A-2) to (A-13) for formng a tin-
containing mddle layer filmlisted in Tables 1 and 2
wer e obt ai ned under the sane reaction conditions as in
Synt hesi s Exanple 1 except that any one of the conmpounds
in the above conpound group G and any one of the
conpounds in the above tin conpound group S were used in
the anmobunts listed in Tables 1 and 2. The wei ght
aver age nol ecul ar weight (Mv) and the dispersity (Mw Wh)
of these conpounds were determ ned. The results are
listed in Table 3.

[0120]
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[ Tabl e 1]

s Tin compound Compound group G
nyn. group S Compound for forming tin-containing middle layer film
" | Compound g Compound g
OH
(0] (o] (0] o O
1 s1 - - 110 PN S N W O
H /\/\\S/n’\/\ H
(A-1)
RS,
J S5\
2 s1 5.0 G2 11.9 HN& J\oj(
™ 4
(A-2)
ONO IO
3 S1 5.0 G3 12.0 0 /_[Sn 0
(A-3)
(0]
N H .
A =
4 S1 5.0 G4 8.6 \©/ N /OJ\/\H/NO/
- : /\/\ n’\/\ o)
(A-4)
ﬂ i J@J
5 s1 5.0 G5 9.3 N ,OJ\/\,(
/\/\Sn’\/\ 0
(A-5)
{
X
j/\ o i )OWO\/\O ©
6 s1 5.0 G6 8.6 |07 0 \”/\)\o\ 0
O~/ ©
(A-6)
0]
7 S1 5.0 G7 7.0 O/\/\ /\/\O
(A-T)
[0121]
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[ Tabl e 2]

Syn.

Tin compound

Compound

Ex.

group S

group G

Compound

g Compound

Compound or polymer
9 for forming tin-containing middle layer film

S1

5.0 G8

Oj?\/“ \OOOO/
| 7Y

S1

5.0 G9

K
15.6 OQNNO‘ ,OJ\/\[(N
&

10

S1

5.0 G10

8.5 \/\NJ]\/\/U\O OJJ\/\)J\N/\/

11

S2

5.

=
\\/N\H/\)J\ O)WN
0 G1l1 6.0

12

S3

5.0

o) Sn o)
G12 4.5

13

S1

[0122]

5.0

3.9/
G13/G14 14

(A-13)
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[ Tabl e 3]

Synthesis C?mpqund_ or ponr_n(_er for
Example orming tln-conte_unlng Mw Mw/Mn
middle layer film
1 (A-1) 254 1.18
2 (A-2) 267 1.03
3 (A-3) 260 1.02
4 (A-4) 152 1.02
5 (A-5) 253 1.1
6 (A-6) 385 1.02
7 (A-7) 322 1.05
8 (A-8) 283 1.01
9 (A-9) 514 1.1
10 (A-10) 392 1.03
11 (A-11) 324 1.13
12 (A-12) 295 1.1
13 (A-13) 2741 1.88
[0123]

[ Preparation of Conposition (UDL-1) for Form ng Tin-
Cont ai ning M ddle Layer Film

A conposition (UDL-1) for formng a tin-containing
m ddl e | ayer film was prepared by dissolving the
conpound (A-1) for formng a tin-containing mddle |ayer
filmin a solvent m xture of propylene glycol nononethyl
et her acetate (PGVEA) containing 0.5% by mass of a
surfactant FC-4430 (manufactured by Sumtono 3M Limted)
and cycl ohexanone (CyHO) in the proportions listed in
Table 4, and filtering the solution through a 0.02 um
menbrane filter.
[ 0124]
[ Preparation of Conpositions (UDL-2 to UDL-13) for
Form ng Tin-Containing Mddle Layer Film

Each of conpositions (UDL-2 to UDL-13) for formng
a tin-containing mddle |ayer film was prepared through
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t he sanme operation as in UDL-1 except that the kinds and

contents of conponents were as listed in Table 4.

[ 0125]
[ Tabl e 4]
for for?n?r%pgil—ttlzggtaining fc?rof?rpn?;rz]dtﬁ\r—fgr?tlgi]r?irng anw;sésy Solvent anw;sésy
middle layer film middle layer film

UDL-1 (A-1) 2 PGMEA/CyHO (54/54) 98
UDL-2 (A-2) 2 PGMEA/CYHO (54/54) 98
uDL-3 (A-3) 2 PGMEA/CyHO (54/54) 98
UDL-4 (A-4) 2 PGMEA/CYHO (54/54) 98
UDL-5 (A-5) 2 PGMEA/CyHO (54/54) 98
UDL-6 (A-6) 2 PGMEA/CYHO (54/54) 98
UDL-7 (A-7) 2 PGMEA/CyHO (54/54) 98
UDL-8 (A-8) 2 PGMEA/CYHO (54/54) 98
UDL-9 (A-9) 2 PGMEA/CyHO (54/54) 98
UDL-10 (A-10) 2 PGMEA/CYHO (54/54) 98
UDL-11 (A-11) 2 PGMEA/CYHO (54/54) 98
uDL-12 (A-12) 2 PGMEA/CyHO (54/54) 98
UDL-13 (A-13) 2 PGMEA/CYHO (54/54) 98

[0126]

<Patterning Process 1>
[ Exanples 1-1 to 1-13]

ODL- 306 manufactured by Shin-Etsu Chem cal Co.,
Ltd. was used as an organi c underlayer filmon a
substrate to be processed, applied on a Si wafer serving
as the substrate to be processed by spin coating, and
baked at 350°C for 60 seconds to fabricate a carbon film
with a filmthickness of 80 nm The carbon proportion
in the carbon filmwas 88% One of the conpositions
(UDL-1 to UDL-13) for formng a tin-containing mddle
| ayer filmlisted in Table 6 bel ow was used as a tin-
containing mddle layer film applied on the organic
underl ayer film by spin coating, and baked at 250°C for
60 seconds to fabricate a tin-containing mddle |ayer
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filmwth a filmthickness of 20 nm
[0127]

Further, a conposition for form ng an upper |ayer
resist filmcontaining a polymer 1 having the foll ow ng
conposition, an acid generator (PAGl), a basic compound
(Quencher 1), and an organic solvent was applied on the
tin-containing mddle layer filmby spin coating and
baked at 110°C for 60 seconds to fabricate an upper
| ayer resist film The thickness of the upper |ayer
resist filmwas 120 nm
[ 0128]

Polymer 1

Mol ecul ar wei ght (Mv) = 8, 100

Di spersity (Mv M) = 1.77

\{\;6 0.25 % 0.25 % 0.30
0~ "0 0”0 o9
A N L |

0:20

[0129]
Aci d generator: PAGL
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PAG 1

[ 0130]
Basi ¢ conmpound: Quencher 1

Quencher 1

[0131]

Organi c solvent: PGVEA (propyl ene glycol nononethyl
et her acetate)

CyH (cycl ohexanone)
[0132]

This was exposed by using an ArF excinmer | aser
scanner (manufactured by N kon Corporation, NSR-S307E,
NA 0.85, o 0.93/0.69, 20 degree dipole illumination, 6%
hal ft one phase shift mask), baked at 100°C for 60
seconds i mmedi ately after exposure, and devel oped for 30
seconds with an aqueous sol ution of 2.38% by mass of

t et ramet hyl ammoni um hydroxi de to obtain a positive
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i sol ated pattern (upper |ayer resist pattern) with a
size of 50 nmand a pitch of 130 nm
[0133]

The tin-containing mddle layer filmwas subjected
to dry-etching under the follow ng conditions (1) while
usi ng the upper |ayer resist pattern as a mask, and
subsequently the pattern was transferred to the organic
under |l ayer filmunder the followi ng conditions (2).
This was perfornmed such that a portion of the tin-
containing mddle layer filmwas left on the organic
under | ayer film pattern.

[ 0134]

(1) Etching Conditions with H:-BBased Gas

Apparatus: dry-etching apparatus Telius SP
manuf act ured by Tokyo El ectron Limted

Et ching conditions (1):

Chamber pressure: 100 mr
RF power (upper): 300 W
RF power (lower): 500 W
H» gas flow rate: 200 sccm
CHF3 gas flow rate: 30 sccm
Process tine: 20 sec

[ 0135]

(2) Etching Conditions with O-Based Gas

Apparatus: dry-etching apparatus Telius SP
manuf act ured by Tokyo El ectron Limted

Et ching conditions (2):

Chanber pressure: 10 nmrl

RF power (upper): 1,000 W
RF power (lower): 300 W
CO, gas flow rate: 320 sccm
N> gas flow rate: 80 sccm

Time: 50 sec
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[ 0136]

The tin-containing mddle |ayer filmleft on the
resulting organic underlayer film pattern was renoved by
dry-etching under the follow ng conditions (3).

[0137]

Et ching conditions (3):

Chamber pressure: 100 mr
RF power (upper): 300 W
RF power (lower): 500 W
H» gas flow rate: 200 sccm
Ar gas flow rate: 100 sccm
Process tine: 20 sec

[ 0138]

Subsequently, a silicon oxide film (ALD film wth
a thickness of 30 nmwas formed on the resulting organic
under | ayer film pattern, using an ALD apparatus by the
met hod descri bed in Exanples [0043] to [0053] in JP
2005- 197561 A. Subsequently, the ALD film was dry-
et ched under the followi ng conditions (4) to expose an
upper portion of the organic underlayer film pattern,
resulting in a test wafer with the core materi al
(organi c underl ayer film pattern) exposed.

[0139]

(4) Etching Conditions wth CHFs/ CFs- Based Gas

Apparatus: dry-etching apparatus Telius SP
manuf act ured by Tokyo El ectron Limted

Et ching conditions (4):

Chanber pressure: 50 nrl
RF power (upper): 200 W
RF power (lower): 100 W
CHF3 gas flow rate: 50 sccm
CF4 gas flow rate: 50 sccm

Ar gas flow rate: 100 sccm
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Time: 20 sec
[ 0140]
The resulting test wafer was dry-etched under the
follow ng conditions (5) to renove the organic
underl ayer filmpattern, thereby formng an ALD film
pattern (silicon-containing filmpattern). Thereafter
t he cross-sectional shape of the ALD film pattern and
t he substrate to be processed was observed with S-4700
manuf actured by Hi tachi Hi gh-Technol ogi es Corporation.
[ 0141]
(5) Etching Conditions with O-Based Gas
Apparatus: dry-etching apparatus Telius SP
manuf act ured by Tokyo El ectron Limted
Et ching conditions (5):
Chanber pressure: 10 mrl
RF power (upper): 1,000 W
RF power (lower): 300 W
CO, gas flow rate: 320 sccm
N> gas flow rate: 80 sccm
Time: 50 sec
[0142]
[ Conparati ve Exanple 1-1]
| n Conparative Exanple 1-1, a silicon-containing
m ddl e | ayer filmwas used instead of a tin-containing
m ddl e layer film Specifically, as the silicon-
containing mddle layer film a silicon-containing
mddle layer filmwth a filmthickness of 20 nm was
fabricated by applying a silicon atom containing resist
m ddl e |l ayer filmmterial (SOG 1) containing the
followng raw materials on the organic underlayer film
by spin coating, and baking at 220°C for 60 seconds. In
Conparative Exanple 1-1, pattern formati on was perfornmed

by perform ng the sane process as in Exanple 1-1, except
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that a silicon-containing mddle |layer filmwas used
instead of a tin-containing mddle layer film The
result is listed in Table 6 bel ow.

[ 0143]

As the silicon atomcontaining resist mddle |ayer
filmmterial (SOG 1), a silicon atom containing resist
m ddl e | ayer material (SOG 1) was prepared by dissolving
a polynmer denoted as ArF silicon-containing mddle |ayer
film polymer (SiPl) and a crosslinking catal yst (CAT1)

i n propyl ene glycol nonoethyl ether which is an organic
solvent containing 0.1% by mass of FC-4430 (nmanufactured
by Sumitonmo 3M Limted) in the proportions listed in
Table 5 and filtering the solution through a

fluorocarbon resin filter with a pore diameter of 0.1

Mum.
[ 0144]
[ Tabl e 5]
Polymer Thermal crosslinking catalyst Organic solvent
(Parts by mass) (Parts by mass) (Parts by mass)
SOG-1 SiP1 CAT1 Propylene glycol monoethyl ether
(100) (1) (4000)

[ 0145]

The structural formulae of the ArF silicon-
containing mddle |ayer filmpolymer (SiPl) and the
crosslinking catal yst (CAT1) that were used are as
foll ows.

[ 0146]
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50 30
SiP1
Mw3,400 CAT1

fﬁQ} {douy  {—soy @@ o

[0147]
[ Conparati ve Exanpl e 1-2]

| n Conparative Exanple 1-2, a silicon-containing
m ddl e | ayer filmwas used instead of a tin-containing
m ddle |layer film Specifically, as the silicon-
containing mddle layer film a silicon-containing
m ddle layer filmwith a filmthickness of 20 nm was
fabricated by applying the same material as used in
Conpar ative Exanple 1-1 on the organic underlayer film
by spin coating and baking at 220°C for 60 seconds.
[ 0148]

Further, an upper layer resist filmsimlar to that
of Exanple 1-1 was applied on the silicon-containing
m ddl e | ayer film by spin coating and baked at 110°C f or
60 seconds to nake a resist filmwith a thickness of 120
nm
[ 0149]

This was exposed using an ArF excinmer |aser scanner
(manuf actured by Ni kon Corporation, NSR-S307E, N
A 0.85, 0 0.93/0.69, 20 degree dipole illumination, 6%
hal ft one phase shift mask), baked at 100°C for 60
seconds i medi ately after exposure, and devel oped for 30
seconds with an aqueous solution of 2.38% by mass of
t et ramet hyl ammoni um hydroxi de to obtain a positive
i solated pattern (upper |layer resist pattern) with a
size of 50 nmand a pitch of 130 nm
[ 0150]
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The silicon-containing mddle [ayer film was
subj ected to dry-etching under the follow ng conditions
(1') while using the upper |ayer resist pattern as a
mask, and subsequently the pattern was transferred to
t he organi c underlayer filmunder the foll ow ng
conditions (2'). This was perfornmed such that a portion
of the silicon-containing mddle |layer filmwas |eft on
t he organi c underl ayer film pattern.

[ 0151]

(1') Etching Conditions with CHFs/ CF4-Based Gas

Apparatus: dry-etching apparatus Telius SP
manuf act ured by Tokyo El ectron Limted

Et ching conditions (1'):

Chanber pressure: 50 nrl

RF power (upper): 200 W

RF power (lower): 100 W
CHF3 gas flow rate: 50 sccm
CF4 gas flow rate: 50 sccm
Ar gas flow rate: 100 sccm
Time: 20 sec

[ 0152]

(2') Etching Conditions with O-Based Gas

Apparatus: dry-etching apparatus Telius SP
manuf act ured by Tokyo El ectron Limted

Et ching conditions (2'):

Chamber pressure: 10 mrl
RF power (upper): 1,000 W
RF power (lower): 300 W
CO, gas flow rate: 320 sccm
N> gas flow rate: 80 sccm
Time: 50 sec

[ 0153]

The silicon-containing mddle layer filmleft on
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the resulting organic underlayer filmpattern was dry-
et ched under the follow ng conditions (3').
[ 0154]
Et ching conditions (3'):
Chanber pressure: 50 nrl
RF power (upper): 200 W
RF power (lower): 100 W
CHF3 gas flow rate: 50 sccm
CFs gas flow rate: 50 sccm
Ar gas flow rate: 100 sccm
Time: 20 sec
[ 0155]
Subsequently, a silicon oxide film (ALD film wth
a thickness of 30 nmwas formed on the resulting organic
underl ayer film pattern, by using an ALD apparatus and
t he nethod described in Exanples [0043] to [0053] in JP
2005- 197561 A. Subsequently, the ALD film was dry-
et ched under the followi ng conditions (4') to expose an
upper portion of the organic underlayer film pattern,
resulting in a test wafer with the core materi al
(organi c underl ayer film pattern) exposed.
[ 0156]
(4') Etching Conditions with CHF3/ CFs- Based Gas
Apparatus: dry-etching apparatus Telius SP
manuf act ured by Tokyo El ectron Limted
Et ching conditions (4'):
Chamber pressure: 50 mrl
RF power (upper): 200 W
RF power (lower): 100 W
CHFs: gas flow rate: 50 sccm
CF4 gas flow rate: 50 sccm
Ar gas flow rate: 100 sccm

Time: 20 sec
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[ 0157]
The resulting test wafer was dry-etched under the
follow ng conditions (5) to renove the organic
underl ayer filmpattern, thereby formng an ALD film
pattern (silicon-containing filmpattern). Thereafter
t he cross-sectional shape of the ALD film pattern and
t he substrate to be processed was observed with S-4700
manuf act ured by Hitachi Hi gh-Technol ogi es Corporati on.
[ 0158]
(5') Etching Conditions with O-Based Gas
Apparatus: dry-etching apparatus Telius SP
manuf act ured by Tokyo El ectron Limted
Et ching conditions (5'):
Chanber pressure: 10 mrl
RF power (upper): 1,000 W
RF power (lower): 300 W
CO, gas flow rate: 320 sccm
N> gas flow rate: 80 sccm
Time: 50 sec
[ 0159]
The results of Exanples 1-1 to 1-13, and

Conparative Exanples 1-1 and 1-2 are listed in Table 6
bel ow.
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[ 0160]

[ Tabl e 6]
Bak .
Example L\_/Iiddle Iay_er tempgrz:ture Patt-ernlng Process 1
ilm material oC Sidewall pattern

shape
Example 1-1 UDL-1 250°C Good
Example 1-2 UDL-2 250°C Good
Example 1-3 UDL-3 250°C Good
Example 1-4 UDL-4 250°C Good
Example 1-5 UDL-5 250°C Good
Example 1-6 UDL-6 250°C Good
Example 1-7 UDL-7 250°C Good
Example 1-8 UDL-8 250°C Good
Example 1-9 UDL-9 250°C Good
Example 1-10 UDL-10 250°C Good
Example 1-11 UDL-11 250°C Good
Example 1-12 UDL-12 250°C Good
Example 1-13 UDL-13 250°C Good
Evamoia s | soe-1 220°C Fail to form
Eg;“rﬁslrg‘ti‘_’g S0G-1 220°C Poor

[0161]

I n Exanples 1-1 to 1-13, the sidewall (ALD film
pattern after renoval of the core material had a
favorabl e vertical shape, and damage to the sidewall
pattern and the substrate was not found, suggesting that
t he patterning process in the present invention was
useful for formng a fine pattern. The pitch of the
sidewal |l pattern of 65 nm was achi eved, which was 1/2 of
the pitch of the upper |layer resist pattern. On the
ot her hand, in Conparative Exanple 1-1 in which the sane
process as in Exanple 1-1 was performed by using a

silicon-containing mddle |ayer filminstead of a tin-
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containing mddle layer film since, unlike the tin-
containing mddle layer film the silicon-containing
m ddl e | ayer film does not have selectivity to a He- based
gas, the organic underlayer filmpattern as the core
material failed to be renoved, and an inorganic silicon
filmpattern (sidewall pattern) with a pattern pitch
that is 1/2 of that of the upper |ayer resist pattern
failed to be formed. In Conparative Exanple 1-2 in
which a silicon-containing mddle layer film was used
instead of a tin-containing mddle |layer filmand dry-
etching including a CFs-based gas was used for renmoving
the silicon-containing mddle |ayer film damge to the
substrate was found, and the shape of the sidewall
pattern after renmpoval of the core material |acked
snmoot hness. This is presumably because the shape of the
organi ¢ underl ayer film pattern was changed when the
silicon-containing mddle |layer filmleft on the organic
under | ayer film pattern serving as the core material was
renmoved by dry-etching. Presumably, the exposed
substrate to be processed was etched and damaged at the
sanme time.
[0162]
<Patterning Process 2>
[ Exanples 2-1 to 2-13]

ODL- 306 manufactured by Shin-Etsu Chem cal Co.,
Ltd. was used as an organic underlayer filmon a
substrate to be processed, applied on a Si wafer serving
as the substrate to be processed by spin coating, and
baked at 350°C for 60 seconds to fabricate a carbon film
with a filmthickness of 80 nm The carbon proportion
in the carbon filmwas 88% One of the conpositions
(UDL-1 to UDL-13) for formng a tin-containing mddle
| ayer filmlisted in Table 7 bel ow was used as a tin-
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containing mddle layer film applied on the organic
underl ayer film by spin coating, and baked at 250°C for
60 seconds to fabricate a tin-containing mddle |ayer
filmwth a filmthickness of 20 nm

[0163]

Further, an upper l|layer resist filmhaving a
conposition simlar to that of Exanple 1-1 was applied
on the silicon-containing mddle layer filmby spin
coating and baked at 110°C for 60 seconds to nake a
resist filmwth a thickness of 120 nm
[0164]

This was exposed by using an ArF excinmer | aser
scanner (manufactured by Ni kon Corporation, NSR-S307E, N
A 0.85, 0 0.93/0.69, 20 degree dipole illumination, 6%
hal ft one phase shift mask), baked at 100°C for 60
seconds i mmedi ately after exposure, and devel oped for 30
seconds with an aqueous sol ution of 2.38% by mass of
t et ramet hyl amoni um hydroxi de to obtain a positive
i sol ated pattern (upper |ayer resist pattern) with a
size of 50 nmand a pitch of 130 nm
[ 0165]

The tin-containing mddle |ayer film was subjected
to dry-etching under the follow ng conditions (6) using
t he upper |ayer resist pattern as a mask, and
subsequently the pattern was transferred to the organic
under |l ayer filmunder the followi ng conditions (7).
This was perfornmed such that a portion of the tin-
containing mddle layer filmwas left on the organic
under | ayer film pattern.

[0166]

(6) Etching Conditions with H:-Based Gas

Apparatus: dry-etching apparatus Telius SP
manuf actured by Tokyo El ectron Limted
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Et ching conditions (6):
Chamber pressure: 100 mr
RF power (upper): 300 W
RF power (lower): 500 W
H» gas flow rate: 200 sccm
CHFs: gas flow rate: 30 sccm
Process tine: 20 sec
[0167]
(7) Etching Conditions with O-Based Gas
Apparatus: dry-etching apparatus Telius SP
manuf act ured by Tokyo El ectron Limted
Et ching conditions (7):
Chamber pressure: 10 mrl
RF power (upper): 1,000 W
RF power (lower): 300 W
CO, gas flow rate: 320 sccm
N> gas flow rate: 80 sccm
Time: 50 sec
[0168]
A silicon oxide film (ALD film wth a thickness of
30 nmwas fornmed on the resulting organic underl ayer
filmpattern and a portion of the tin-containing mddle
| ayer film by using an ALD apparatus and the net hod
descri bed in Exanples [0043] to [0053] in JP 2005-197561
A. Subsequently, the ALD filmwas dry-etched under the
follow ng conditions (8) to expose an upper portion of a
portion of the tin-containing mddle |ayer film
resulting in a test wafer with a portion of the tin-
containing mddle layer film exposed.
[0169]
(8) Etching Conditions with CHFs/ CFs- Based Gas
Apparatus: dry-etching apparatus Telius SP
manuf actured by Tokyo El ectron Limted
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Et ching conditions (8):

Chamber pressure: 50 mrl
RF power (upper): 200 W
RF power (lower): 100 W
CHFs: gas flow rate: 50 sccm
CFs gas flow rate: 50 sccm
Ar gas flow rate: 100 sccm
Time: 20 sec

[ 0170]

The resulting test wafer was dry-etched under the
follow ng conditions (9) to renove the tin-containing
m ddl e | ayer filmon the organic underlayer film
pattern. Subsequently, dry-etching was perforned under
the follow ng conditions (10) to renove the organic
underl ayer filmpattern, thereby formng an ALD film
pattern (silicon-containing filmpattern). The cross-
sectional shape of the ALD film pattern and the
substrate to be processed was observed with S-4700
manuf actured by Hi tachi Hi gh-Technol ogi es Corporation.
As a result, damage to the sidewall pattern and the
substrate to be processed during renoval of the core
mat eri al (organic underlayer film pattern) was not
found. The results are collectively listed in Table 7
bel ow.

[0171]

(9) Etching Conditions with H:-Based Gas

Apparatus: dry-etching apparatus Telius SP
manuf act ured by Tokyo El ectron Limted

Et ching conditions (9):

Chanber pressure: 100 mrl
RF power (upper): 300 W
RF power (lower): 500 W
H» gas flow rate: 200 sccm
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Ar gas flow rate: 100 sccm
Process tine: 20 sec
[0172]

(10) Etching Conditions with O-Based Gas

Apparatus: dry-etching apparatus Telius SP
manuf act ured by Tokyo El ectron Limted

Et ching conditions (10):

Chamber pressure: 10 mrl
RF power (upper): 1,000 W
RF power (lower): 300 W
CO, gas flow rate: 320 sccm
N> gas flow rate: 80 sccm
Time: 50 sec

[0173]

[ Conparati ve Exanple 2-1]

| n Conparative Exanple 2-1, a silicon-containing
m ddl e | ayer filmwas used instead of a tin-containing
m ddle layer film Specifically, as the silicon-
containing mddle layer film a silicon-containing
mddle layer filmwith a filmthickness of 20 nm was
fabricated by applying the follow ng silicon atom
containing resist mddle |ayer filmmaterial (SOG 1) on
t he organi c underlayer film by spin coating and baki ng
at 220°C for 60 seconds. In Conparative Exanple 2-1,
pattern formation was perfornmed by perform ng the sane
process as in Exanple 2-1, except that a silicon-
containing mddle layer filmwas used instead of a tin-
containing mddle [ayer film
[ 0174]

A silicon atomcontaining resist mddle |ayer
material (SOG 1) simlar to that of Conparative Exanple
1-1 was used as the silicon atom containing resist
m ddl e |ayer filmmterial (SOG1).
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[ 0175]
[ Conparati ve Exanpl e 2-2]

| n Conparative Exanple 2-2, a silicon-containing
m ddl e | ayer filmwas used instead of a tin-containing
m ddl e layer film Specifically, as the silicon-
containing mddle layer film a silicon-containing
mddle layer filmwth a filmthickness of 20 nm was
fabricated by applying the same material as used in
Conpar ative Exanple 2-1 on the organic underlayer film
by spin coating and baking at 220°C for 60 seconds.
[0176]

Further, an upper layer resist filmsimlar to that
of Exanple 2-1 was applied on the silicon-containing
m ddl e | ayer film by spin coating and baked at 110°C f or
60 seconds to nmake a resist filmwth a thickness of 120
nm
[0177]

This was exposed by using an ArF excinmer | aser
scanner (manufactured by N kon Corporation, NSR-S307E, N
A 0.85, 0 0.93/0.69, 20 degree dipole illumination, 6%
hal ftone phase shift mask), baked at 100°C for 60
seconds immedi ately after exposure, and devel oped for 30
seconds with an aqueous sol ution of 2.38% by mass of
t et ramet hyl ammoni um hydroxi de to obtain a positive
i sol ated pattern (upper |ayer resist pattern) with a
size of 50 nmand a pitch of 130 nm
[0178]

The silicon-containing mddle [ayer film was
subjected to dry-etching under the follow ng conditions
(6'") while using the resist pattern as a nmask, and
subsequently the pattern was transferred to the organic
underl ayer filmunder the followi ng conditions (7).

This was perfornmed such that a portion of the silicon-
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containing mddle layer filmwas left on the organic
under | ayer film pattern.
[0179]
(6") Etching Conditions with CHF3/ CFs;- Based Gas
Apparatus: dry-etching apparatus Telius SP
manuf act ured by Tokyo El ectron Limted
Et ching conditions (6"):
Chamber pressure: 50 mrl
RF power (upper): 200 W
RF power (lower): 100 W
CHFs gas flow rate: 50 sccm
CFs gas flow rate: 50 sccm
Ar gas flow rate: 100 sccm
Time: 20 sec
[ 0180]
(7') Etching Conditions with O-Based Gas
Apparatus: dry-etching apparatus Telius SP
manuf act ured by Tokyo El ectron Limted
Et ching conditions (7'):
Chanber pressure: 10 mrl
RF power (upper): 1,000 W
RF power (lower): 300 W
CO, gas flow rate: 320 sccm
N> gas flow rate: 80 sccm
Time: 50 sec
[0181]
A silicon oxide film (ALD film with a thickness of
30 nmwas fornmed on the resulting organic underl ayer
filmpattern and a portion of the silicon-containing
m ddl e |l ayer film using an ALD apparatus by the nmethod
descri bed in Exanples [0043] to [0053] in JP 2005-197561
A. Subsequently, the ALD filmwas dry-etched under the
followi ng conditions (8 ) to expose an upper portion of
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a portion of the silicon-containing mddle layer film
resulting in a test wafer with a portion of the silicon-
containing mddle |ayer film exposed.

[0182]

(8") Etching Conditions wth CHFz/ CFs- Based Gas

Apparatus: dry-etching apparatus Telius SP
manuf act ured by Tokyo El ectron Limted

Et ching conditions (8"):

Chanber pressure: 50 nrl
RF power (upper): 200 W
RF power (lower): 100 W
CHF3 gas flow rate: 50 sccm
CFs gas flow rate: 50 sccm
Ar gas flow rate: 100 sccm
Time: 20 sec

[ 0183]

The resulting test wafer was dry-etched under the
follow ng conditions (9') to renpove the silicon-
containing mddle |ayer filmon the organi c underl ayer
filmpattern. Subsequently, dry-etching was perfornmed
under the followi ng conditions (10') to renove the
organi ¢ underlayer film thereby form ng an ALD film
pattern (silicon-containing filmpattern). Thereafter
t he cross-sectional shape of the ALD film pattern and
the substrate to be processed was observed with S-4700
manuf act ured by Hitachi Hi gh-Technol ogi es Corporati on.
As a result, danage to the sidewall pattern and the
substrate during renoval of the core material was found.
[ 0184]

(9'") Etching Conditions wth CHFz/ CFs- Based Gas

Apparatus: dry-etching apparatus Telius SP
manuf act ured by Tokyo El ectron Limted

Et ching conditions (9'):

65



Chanber pressure: 50 nrl
RF power (upper): 200 W
RF power (lower): 100 W
CHFs gas flow rate: 50 sccm
CFs gas flow rate: 50 sccm
Ar gas flow rate: 100 sccm
Time: 20 sec
[ 0185]
(10') Etching Conditions with O-Based Gas
Apparatus: dry-etching apparatus Telius SP
manuf act ured by Tokyo El ectron Limted
Et ching conditions (10"):
Chamber pressure: 10 mrl
RF power (upper): 1,000 W
RF power (lower): 300 W
CO, gas flow rate: 320 sccm
N> gas flow rate: 80 sccm

Time: 50 sec
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[ 0186]

[ Tabl e 7]
Middle Bake Patterning Process 2
) temperature 9
Example layer film Sidewall pattern
material °C P
shape
Example 2-1 UDL-1 250°C Good
Example 2-2 UDL-2 250°C Good
Example 2-3 UDL-3 250°C Good
Example 2-4 uDL-4 250°C Good
Example 2-5 UDL-5 250°C Good
Example 2-6 UDL-6 250°C Good
Example 2-7 UDL-7 250°C Good
Example 2-8 UDL-8 250°C Good
Example 2-9 UDL-9 250°C Good
Example 2-10 UDL-10 250°C Good
Example 2-11 UDL-11 250°C Good
Example 2-12 UDL-12 250°C Good
Example 2-13 UDL-13 250°C Good
Comparative | g5 1 220°C Fail to form
Example 2-1
comparative | g5 g 220°C Poor
Example 2-2
[0187]

I n Exanples 2-1 to 2-13, the sidewall (ALD film
pattern after renoval of the core material had a
favorabl e vertical shape, and damage to the sidewall
pattern and the substrate was not found, suggesting that
t he patterning process in the present invention was
useful for formng a fine pattern. The pitch of the
sidewal |l pattern of 65 nm was achi eved, which was 1/2 of
the pitch of the upper |layer resist pattern. On the
ot her hand, in Conparative Exanple 2-1 in which the sane
process as in Exanple 2-1 was performed by using a

silicon-containing mddle |ayer filminstead of a tin-

67



containing mddle layer film since, unlike the tin-
containing mddle layer film the silicon-containing

m ddl e | ayer film does not have selectivity to a He- based
gas, the organic underlayer filmpattern as the core
material failed to be renoved, and an inorganic silicon
filmpattern (sidewall pattern) with a pattern pitch
that is 1/2 of that of the upper |ayer resist pattern
failed to be formed. In Conparative Exanple 2-2 in
which a silicon-containing mddle layer film was used
instead of a tin-containing mddle |layer filmand dry-
etching including a CFs-based gas was used for renmoving
the silicon-containing mddle |ayer film damge to the
substrate was found, and the shape of the sidewall
pattern after renmpoval of the core material |acked

snmoot hness. This is presumably because the shape of the
organi ¢ underl ayer film pattern was changed when the
silicon-containing mddle |layer filmleft on the organic
under | ayer film pattern serving as the core material was
renmoved by dry-etching. Presumably, the exposed
substrate to be processed was etched and damaged at the
sanme time.

[ 0188]

Based on the foregoing, with the fine patterning
process using a sidewall spacer process according to the
present invention, the organic underlayer film pattern
formng the core material, or the organic underl ayer
filmpattern and a portion of the tin-containing mddle
| ayer film can be renoved by dry-etching wthout
damagi ng the inorganic silicon-containing filmthat
forms sidewalls or the substrate to be processed. Thus,
a practical patterning process can be provided that can
readily and efficiently forman inorganic silicon-

containing filmpattern (sidewall pattern) with a
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pattern pitch that is 1/2 of that of the upper |ayer
resist pattern without causing unsatisfactory
performance of products or yield decrease.

[0191]

The present invention includes the foll ow ng
embodi nent s.

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

(i-1) form ng an organic underlayer filmon a
substrate to be processed, form ng a tin-containing
m ddl e layer filmon the organic underlayer film and
further formng an upper layer resist filmon the tin-
containing mddle [ayer film

(i-2) perform ng pattern exposure and subsequent
devel opnent in the upper layer resist filmto form an
upper |ayer resist pattern;

(i-3) dry-etching the tin-containing mddle |ayer
filmwhile using the upper |ayer resist pattern as a
mask to transfer the upper layer resist pattern to the
tin-containing mddle |layer film and further dry-
etching the organic underlayer filmwhile using the tin-
containing mddle [ayer film having the transferred
upper |ayer resist pattern as a mask to form an organic
underl ayer filmpattern on an upper portion of which a
portion of the tin-containing mddle layer filmis left;

(i-4) renoving the portion of the tin-containing
m ddle layer filmleft on the upper portion of the
organi ¢ underl ayer film pattern by dry-etching;

(i-5) formng an inorganic silicon-containing film
conpri sing polysilicon, amorphous silicon, silicon
oxide, silicon nitride, silicon oxynitride, silicon
carbide, or a conposite material thereof, by a CVD
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met hod or an ALD nethod, so as to cover the organic
under | ayer film pattern;

(i-6) renmoving a portion of the inorganic silicon-
containing filmby dry-etching to expose the upper
portion of the organic underlayer film pattern;

(i-7) renmoving the organic underlayer film pattern
to forman inorganic silicon-containing filmpattern
with a pattern pitch that is 1/2 of a pattern pitch of
t he upper |ayer resist pattern; and

(i-8) processing the substrate to be processed
whil e using the inorganic silicon-containing film
pattern as a mask to forma pattern in the substrate to
be processed.

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

(ii-1) form ng an organi c underlayer filmon a
substrate to be processed, form ng a tin-containing
m ddl e |l ayer filmon the organic underlayer film and
further form ng an upper layer resist filmon the tin-
containing mddle [ayer film

(ii-2) performng pattern exposure and subsequent
devel opnent in the upper layer resist filmto form an
upper | ayer resist pattern;

(ii1-3) dry-etching the tin-containing mddle |ayer
filmwhile using the upper |ayer resist pattern as a
mask to transfer the upper layer resist pattern to the
tin-containing mddle layer film and further dry-
etching the organic underlayer filmwhile using the tin-
containing mddle [ayer film having the transferred
upper |ayer resist pattern as a mask to form an organic
underl ayer film pattern on an upper portion of which a

portion of the tin-containing mddle layer filmis left;
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(ii-4) formng an inorganic silicon-containing film
conpri sing polysilicon, amorphous silicon, silicon
oxide, silicon nitride, silicon oxynitride, silicon
carbide, or a conposite material thereof, by a CVD
met hod or an ALD nethod, so as to cover the portion of
the tin-containing mddle [ayer filmand the organic
under | ayer film pattern;

(ii-5) renmoving a portion of the inorganic silicon-
containing filmby dry-etching to expose an upper
portion of the portion of the tin-containing mddle
| ayer film

(ii-6) renmoving the portion of the tin-containing
m ddle layer filmleft on the upper portion of the
organi ¢ underl ayer film pattern by dry-etching;

(ii-7) renmoving the organic underlayer filmpattern
by dry-etching to forman inorganic silicon-containing
filmpattern with a pattern pitch that is 1/2 of a
pattern pitch of the upper |ayer resist pattern;
and

(ii1-8) processing the substrate to be processed
whil e using the inorganic silicon-containing film
pattern as a mask to forma pattern in the substrate to
be processed.

[ 3] The patterning process according to [1] or [2],
wherein in the step (i-4) or (ii-6), the tin-containing
mddle |layer filmis etched by plasma formed in a H-
cont ai ni ng gas.

[ 4] The patterning process according to any one of [1]
to [3], wherein the tin-containing mddle layer filmis
formed by spin coating using a conposition for formng a
tin-containing mddle |ayer film

[ 5] The patterning process according to any one of [1]

to [4], wherein the tin-containing mddle l[ayer filmis
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formed froma conposition for formng a tin-containing
m ddl e | ayer film the conposition conprising a conpound
havi ng a crosslinkabl e organic structure.
[ 6] The patterning process according to [5], wherein
t he conmpound having one or nore selected fromthe group
consi sting of:

a hydroxyl group

an organi c group having a protective group which is
to be elimnated by an action of acid or heat or both to
generate one or nore hydroxyl groups or carboxyl groups;
and

an organi c group represented by any one of the
foll ow ng general fornulae (a-1) to (a-3) and (b-1) to
(b-4)

I's used as the crosslinkable organic structure:

*jY *(\O/V *\EONm

q
R, R

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

(in the general fornulae (a-1) to (a-3), R
represents a hydrogen atom or a nonoval ent organi c group
having 1 to 10 carbon atons, q represents 0 or 1, and *
represents a bondi ng point)
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Ri ,
SRRl
1
"N N # =N £=N,
R4 \ R // R> R2

R,
(b-1) (b-2) (b-3) (b-4)

(in the general formulae (b-1) and (b-3), R¢
represents a hydrogen atomor a nmethyl group, and in the
same formula, they nmay be the same or different; in (b-
3) to (b-4), R represents a hydrogen atom a substituted
or unsubstituted saturated or unsaturated nonoval ent
organi c group having 1 to 20 carbon atonms, a substituted
or unsubstituted aryl group having 6 to 30 carbon atons,
or a substituted or unsubstituted aryl al kyl group havi ng
7 to 31 carbon atons; * represents a bondi ng point).

[ 7] The patterning process according to any one of [1]
to [6], wherein in the step (i-1) or (ii-1), a water-
repellent coating filmis further formed on the upper

| ayer resist film

[ 8] The patterning process according to any one of [1]
to [7], wherein in the step (i-1) or (ii-1), an organic
adhesive filmis formed in m ddl e between the tin-
containing mddle layer filmand the upper |ayer resist
film

[ 0190]

It should be noted that the present invention is
not limted to the above-described enbodi nents. The
enbodi mrents are just exanples, and any exanples that
substantially have the sane feature and denonstrate the

sane functions and effects as those in the technica
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concept disclosed in claims of the present invention are
included in the technical scope of the present

i nventi on.

74



CLAI M5

[Claim1]

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

(i-1) form ng an organic underlayer filmon a
substrate to be processed, form ng a tin-containing
m ddl e | ayer filmon the organic underlayer film and
further form ng an upper layer resist filmon the tin-
containing mddle [ayer film

(i-2) perform ng pattern exposure and subsequent
devel opnent in the upper layer resist filmto form an
upper | ayer resist pattern;

(i-3) dry-etching the tin-containing mddle |ayer
filmwhile using the upper |ayer resist pattern as a
mask to transfer the upper layer resist pattern to the
tin-containing mddle |layer film and further dry-
etching the organic underlayer filmwhile using the tin-
containing mddle [ayer film having the transferred
upper |ayer resist pattern as a mask to form an organic
underl ayer filmpattern on an upper portion of which a
portion of the tin-containing mddle layer filmis left;

(i-4) renmoving the portion of the tin-containing
m ddle |layer filmleft on the upper portion of the
organi ¢ underl ayer film pattern by dry-etching;

(i-5) formng an inorganic silicon-containing film
conpri sing polysilicon, anorphous silicon, silicon
oxide, silicon nitride, silicon oxynitride, silicon
carbide, or a conposite material thereof, by a CVD
met hod or an ALD nethod, so as to cover the organic
under | ayer film pattern;

(i-6) renoving a portion of the inorganic silicon-
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containing filmby dry-etching to expose the upper
portion of the organic underlayer film pattern;

(i-7) renmoving the organic underlayer film pattern
to forman inorganic silicon-containing filmpattern
with a pattern pitch that is 1/2 of a pattern pitch of
t he upper |ayer resist pattern; and

(i-8) processing the substrate to be processed
whil e using the inorganic silicon-containing film
pattern as a mask to forma pattern in the substrate to
be processed.

[ Claim 2]

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

(ii-1) form ng an organi c underlayer filmon a
substrate to be processed, form ng a tin-containing
m ddl e |l ayer filmon the organic underlayer film and
further form ng an upper layer resist filmon the tin-
containing mddle [ayer film

(ii-2) performng pattern exposure and subsequent
devel opnent in the upper layer resist filmto form an
upper |ayer resist pattern;

(ii1-3) dry-etching the tin-containing mddle |ayer
filmwhile using the upper |ayer resist pattern as a
mask to transfer the upper layer resist pattern to the
tin-containing mddle |layer film and further dry-
etching the organic underlayer filmwhile using the tin-
containing mddle [ayer film having the transferred
upper | ayer resist pattern as a mask to form an organic
underl ayer film pattern on an upper portion of which a
portion of the tin-containing mddle layer filmis left;

(ii-4) formng an inorganic silicon-containing film
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conpri sing polysilicon, anorphous silicon, silicon
oxide, silicon nitride, silicon oxynitride, silicon
carbide, or a conposite material thereof, by a CVD
met hod or an ALD nethod, so as to cover the portion of
the tin-containing mddle [ayer filmand the organic
under | ayer film pattern;

(ii-5) renmoving a portion of the inorganic silicon-
containing filmby dry-etching to expose an upper
portion of the portion of the tin-containing mddle
| ayer film

(ii-6) renmoving the portion of the tin-containing
m ddle layer filmleft on the upper portion of the
organi ¢ underl ayer film pattern by dry-etching;

(ii-7) renmoving the organic underlayer filmpattern
by dry-etching to forman inorganic silicon-containing
filmpattern with a pattern pitch that is 1/2 of a
pattern pitch of the upper |ayer resist pattern;
and

(ii1-8) processing the substrate to be processed
whil e using the inorganic silicon-containing film
pattern as a mask to forma pattern in the substrate to

be processed.

[ Clai m 3]

The patterning process according to claim1 or 2,
wherein in the step (i-4) or (ii-6), the tin-containing
mddle |layer filmis etched by plasma formed in a H-

cont ai ni ng gas.

[ Cl ai m 4]
The patterning process according to any one of
claims 1 to 3, wherein the tin-containing mddle |ayer

filmis formed by spin coating using a conposition for
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formng a tin-containing mddle |ayer film

[ Cl ai m 5]

The patterning process according to any one of
claims 1 to 4, wherein the tin-containing mddle |ayer
filmis formed froma conposition for formng a tin-
containing mddle layer film the conposition conprising

a conmpound havi ng a crosslinkable organic structure.

[ Cl ai m 6]

The patterning process according to claimb5,
wherei n the conmpound having one or nore selected from
t he group consisting of:

a hydroxyl group

an organic group having a protective group which is
to be elimnated by an action of acid or heat or both to
generate one or nore hydroxyl groups or carboxyl groups;
and

an organic group represented by any one of the
follow ng general fornmulae (a-1) to (a-3) and (b-1) to
(b-4)

is used as the crosslinkable organic structure:

R4

(a-1) (a-2) (a-3)
(in the general formulae (a-1) to (a-3), R:
represents a hydrogen atom or a nonoval ent organi c group
having 1 to 10 carbon atonms, q represents 0 or 1, and *

represents a bondi ng point)

78



R1 R1
-/ AN }
R1 \ RJ'] / R1 \\
#*—N % —N
/ % —N\ % —N\
Ry R2 R2
17\ R{ 47
Ry
(b-1) (b-2) (b-3) (b-4)

(in the general formulae (b-1) and (b-3), R¢
represents a hydrogen atomor a nmethyl group, and in the
same formula, they nmay be the same or different; in (b-
3) to (b-4), R represents a hydrogen atom a substituted
or unsubstituted saturated or unsaturated nonoval ent
organi c group having 1 to 20 carbon atonms, a substituted
or unsubstituted aryl group having 6 to 30 carbon atons,
or a substituted or unsubstituted aryl al kyl group havi ng

7 to 31 carbon atons; * represents a bondi ng point).

[Claim 7]

The patterning process according to any one of
claims 1 to 6, wherein in the step (i-1) or (ii-1), a
wat er-repellent coating filmis further forned on the
upper |ayer resist film

[ Cl ai m 8]

The patterning process according to any one of
claims 1 to 7, wherein in the step (i-1) or (ii-1), an
organi ¢ adhesive filmis forned in m ddl e between the
tin-containing mddle layer filmand the upper |ayer

resist film
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