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DESCRIPTION

INSULATING STRUCTURE AND PRODUCTION METHOD OF SAME
TECHNICAL FIELD

[0001] .

The present invention relates to an insulating
structure used in a semiconductor device and the like and
to a producticn methed thereof. More particularly, the
present invention relates to an insulating structure, in
which & narrow width region having a pattern of a width
of 30 nm or less and a wide width region having a pattern
of a width of greater than 100 nm are present in the same
layer, and a production method thereof.

BACKGROUND ART

[0002]

Semiconductor devices have continued to realiZze
higher levels of integration each year due to the rapid
advancement of microprocessing technology primarily in
the area of lithography. In particular, NAND flash
nmemory devices, which are a typical example of a
semiconductor device for non-volatile memory, have
achieved reductions in memory cell area by overcoming
various technical problems.

[0003]

In recent years however, the higher levels of
integration of NAND flash memory devices that are
dependent only on microprocessing technology have been
indicated tc¢ have numercus technical problems. The
majority of these are attributable to stagnation in
afforts to further reduce size stemming from the
limitations of lithography technology. Therefore, a
method has been proposed for achieving higher integralbion
through stacking of memory cells instead of solely
redlying on size reductions achieved using Lithography
technology {(see, for example, Patent Document 1).
[0004]

According to this method, memory devices can realize
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higher levels of integration in theory even if
limitations on lithography technology are encountered.
Prior Art Documents

Patent Documents

[0005]

Patent Document 1: Japanese Unexamined Patent
Publication No. 2009-238874
Non~Patent Documents
[0006]

Non~Patent Document 1: The International Technology
Roadmap for Semiconductors, 2009 Edition, Front End
Processes, p. 10

DISCLOSURE OF THE INVENTION
Problems to be Solved by the Invention
{0007]

However, the aforementioned technology has several

problems.
[C008B]

The first problem is that, in order to stack memory
cells, the length in the longitudinal direction of
insulating structures used to separate a memory cell from
a memory cell adjacent thereto becomes long and the
aspect ratio of processing dimensions becomes higher. A
high aspect ratic processing is generally difficult for
overall semiconductor process technology, particularly
for lithography, etching, and the gap-fill of narrow
patterns formed by these technologies. With respect to
the gap-fill of narrow width patterns in particular, it
is difficult to form insulators by conventlionally known
chemical vapor deposition (CVD), and although Patent
Document. 1 discloses a method for forming an insulating
structure in a memory cell lavered structure having a
minimum processing dimension of 30 nm by lithoegraphy
technology using a spin-on-glass (S0G) method, an
insulating structure and method for forming that
structure are not disclosed in the case the minimum

processing dimension becomes even smaller.
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{0009}

The second problem is the occurrence of large
differences in processing dimensions between memory cells
and peripheral circuits. Although this has also been
previousiy indicated with respect to NAND flash memory
devices that do not emplcoy a stacked memory cell
structure (see Non-Patent Document 1), this problem is
expected to become more dominant as a result of stacking
memory cells. Namely, although memory cells have the
problem of insulating structures requiring processing at
a high aspect ratio as previously described, peripheral
circuits only contain patterns having large dimensions in
comparison with memory cells. As a result, in comparison
with the insulators that form insulating structures in
memery cells, the insulators of peripheral circuits have
patterns that have the same dimensions in the
longitudinal direction but are much longer in the lateral
direction. Although such structures can be easily formed
by CVD, insulators obtained by 306G are susceptible to the
formation of c¢racks and are difficult to form. Patent
Document 1 does not contain a description of the
structural details of the insulating structure used in
peripheral circuits nor does it describe a method for
forming that insulating structure.

[0010]

In summary of the two problems described above,
although 850G is advantageous for forming the insulating
structures of memory cells, their formation is difficult
by CVD, and since the cpposite is true in the case of
their peripheral cilrcouits, lLheve is no method That

i

sultable for forming both of these in the same laver.
Namely, there has been the problem of being unable to
prevent the formation of cracks in insulators of
neripheral clroults while maintaining favorable gap-fill
of narrow width patterns in memory cells, and as a result
therecof, insulating structures having memory cells and

peripheral circuits in the same layer have been unable to
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be formed.
[0011]

The present invention attempis to solve the
aforementicned preblems attributable to dimensioconal
differences between memory cells and peripheral circuits
when reducing the size ¢f semiconducter memory, and thus
realize higher levels of semiconductor memory
integration, by providing an insulating structure in
which a narrow width region and wide width region are
present in the same layer, and a production method
thereof.

Means for Solving the Problems
{0012]

Namely, the present invention is as described below.
[0013]

[1] An insulating structure comprising a substrate
and a circuit pattern formed on the substrate, wherein

the circuit pattern has a narrow width region having
a narrow width pattern of a width of 30 nm or less and &
wide width region having a wide width pattern of a width
of greater than 100 nm in the same layer, and

The same insulating composition is formed within the
narrow width pattern and within the wide width pattern.

[2] The insulating structure described in [1] above,
wherein the film thickness of the insulating composition
present within the wide with pattern is 1.5 um to 4.0 pm.

[3] The insulating structure described in [1] above,
wherein the film thickness of the insulating composition
present within the wide width pattern is 0.8 wum te 1.5
LT

4] The insulating structure described in any of [1]
to [3] above, wherein the insulating composition present
within the wide width pattern does not have cracks.

[5] The insulating structure described in any of {11}
to [4] above, wherein the insulating composition present

within the narrow width pattern does not have voids.
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[6] The insulating structure described in any of [1]
to [5] above, wherein the insulating composition present
within the narrow width pattern has resistance o
hydrefluoric acid.

[7] The insulating structure described in any of [1]
to [6] above, wherein the depth of the narrow width
pattern is 0.4 pum or more.

[8] The insulating structure described in [7] above,
wherein the depth of the narrow width pattern is 0.5 um
to 3 um.

[9] The insulating structure described in [8] above,
wherein the depth of the narrcw widih pattern is 1 um to
2 M.

[1G] The insulating structure described in any of
[1] to {9] above, wherein the length of the narrow width
pattern is 50 nm to 10 um.

[11] The insulating structure described in any of
[1] to [10] above, wherein the narrow width pattern is a
pattern of a width of 10 nm to 30 nm.

[12] The insulating structure described in any of
[1] to [11] above, wherein the wide width pattern is a
pattern of a width of greater than 100 nm to 100 pm.

[13] The insulating structure described in any of
[1] to [12] above, wherein the substrate is composed of a
seniconductor or insulator.

{14] The insulating structure described in any of
[1] to {13] above, wherein the insulating compositicn has
a nanostructure of a particle diameter of 3 nm to 30 nm.

[15] An dnsulating struclure comprising a substirate
and a circult pattern formed on the substrate, wherein

the circuit pattern has a narrow widbh region having
e -, 1

a patiern of a width of 30 nm or less and a wide width
region having a pathern of a width of greater Than 100 nm
within the same layer,

Lhe same insulating composition is formed within the

pattern having a width of 30 nm or less in the narrow
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width region and within the pattern of a width of greater
than 100 nm in the wide width region, and

the insulating composition has a nanostructure of a
particle diameter of 3 nm to 30 nm.

[16] The insulating structure described in [14] or
{15] above, wherein the ratioc of the portion having the
nanostructure in the insulating compesition is 1% by
weight To 60% by weight.

(17] The insulating structure described in any of
t14] to [le] above, wherein the insulating composition
contains 50% by weight to 100% by welght of a
condensation reaction product of a polysiloxane compound
and a silica particles having an average primary particle
diameter of 3 nm tc 30 nm, and

the ratio of a hydrolytic condensation structure of
at least one type of tetraalkoxysilane and at least one
type of alkyl trialkoxysilane in the entire condensation
reaction product is 40% by weight to 99% by weight.

[18] A production method of the insulating structure
described in any of {1} te [17] above, comprising:

a step for preliminarily forming patterns
corresponding to the narrow width region and the wide
width regiocn on a substrate,

a step for coating a ccoating composition for forming
the insulating composition on the patterns, and

a step for converting the ccated coating composition
to the insulating composition by heating.

[19] The insulating structure production method
described in [18] above, wherein the coating composiltion
Ls & condensation reaction product scolution comprising:

(1) a condensation reaction product obtained by a
condensation reaction of a condensation component
containing at least (1) 40% by weight to 29% by weight as

the condensed amount of a polysiloxane compound derived

from a silane compound represented by the following
general formula (1):

Rlnsj—xlﬁﬂl (1)



(wherein, n represents an integer of 0 to 3, R* represents
a hydrocarbon group having 1 to 10 carbon atoms, and X!
represents a halogen atom, alkoxy group having 1 to 6
carbon atoms, or an acetoxy group), and (ii) 1% by weight
5 to 60% by weight of silica particles, and

(II) a solvent, and

the silane compound represented by the general
formula (1) consists of two or more types of silane
compounds comprising at least a ftetrafunctional silane

10 compound in which n in general formula {1) is 0 and a
trifunctional silane compound in which n in general
formula (1) is 1.

Effects of the Invention
f0014]

15 According to the present invention, problems in the
manner of volds that easily form in a narrow width region
of a semiconductor device and cracks that easily form in
a wide width region can be prevented simultaneously,
thereby making it possible to increase the level of

20 integration of a semiconductor device (such as
semiconductor memory) in which both such regicns are
present in the same layer.

PBRIEEF DESCRIPTICN OF THE DRAWINGS

[0015] _

25 FIG. 1 is a schemaltic cross-—sectional view of an
insulating structure according to a first aspect of the
present invention.

FIG. 2 1s a schematic cross-sectional view of a test
substrate used in examples.

£y

30 BlasT MODE FOR CARRY NG OUT THE INVRE

(0016]

FLON

The following provides a detailed explanation of
embodiments of the present invention.
[ooLT]
35 <Insulating Structure>
Cne aspect of the present inventlon provides an

insulating structure comprising a substrate and a circuit



N

10

15

20

25

pattern formed on the substrate, wherein the circuit
pattern has a narrow width region having & narrow width
pattern of a width of 30 nm or less and a wide width
region having a wide width pattern of a width of greater
than 100 nm in the same layer, and the same insulating
composition i1s formed within the narrow width pattern and
within the wide width pattern.

[0018]

Another aspect of the present invention provides an
insulating structure comprising a substrate and a circuit
pattern formed on the substrate, wherein the c¢ircuit
pattern has a narrow widih region in which is formed a
pattern of a width of 30 nm or less and a wide width
region in which is formed a pattern of a width of greater
than 100 nm within the same layer, the same insulating
composition is formed within the pattern having a width
of 30 nm or less in the narrow width region and within
the pattern of a width of greater than 100 nm in the wide
width region, and the insulating composition has a
nanostructure of a particle diameter of 3 nm to 30 nm.
[0019]}

The narrow width region in which is formed a pattern
of a width of 30 nm or less corresponds to a memory cell,
while the wide width region in which is formed a pattern
cf a width of greater than 100 nm corresponds to a
peripheral circuit. 1In the present invention, a memory
cell and peripheral circuit are formed within the same
layer despite having a considerable difference in
processing dimensions. In the present disclosure, the
insulating structure having a narrow width reglon and
wide width region within the same laver refers to that
which 1s generally recognized by a person with ordinary
skill dn the art, and morve specifically, refers to both

raegions belng formed ir

1 the 2ame step.  Although a narrvow
widlh region and wide width region present within the
same layer may be within the same plane, this is not

always the case. An example of a case in which a narrow
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width region and wide width region within the same layer
are not within the same plane is that in which the bottom
surface of the wide width region is in a lower plane than
the bottom surface of the narrow width region. The same
insulating composition is filled into both the wide width
pattern and narrow width pattern {(also referred to as
trenches). This type of insulating structure is
advantageocus in that 1t can be fabricated with fewer
processes. In addition, the memory cell and peripheral
circuit being formed within the same layer makes it
possible to increase the level of integration of the
memory cell, and enables a three-dimensional arrangement
in particular. The insulating structure of the present
invention can be applied over a wide range to various
wiring structures and wvarious semiconductor devices
having these wiring structures.

[0020]

The insulating composition used in the
aforementioned insulating structure is a composition that
has electrical insulating properties. FExamples of
insulating compositions that can be used include
polysiloxane, methyl silsesquioxane, hydrogen
sllsesquioxane, silicon carbide and silicon nitride.
[0021]

In some aspects, the insulating composition present
in the wide width pattern does not have cracks. This is
advantagecus in terms of being able to form an insulator
having a reduced number of defects in the peripheral
circuit of a memory cell. In the presenl disclosure, the
insulating composition present 1n the wide widih pattern
not having cracks means that there are no cracks of a
length of 100 nm or more observed when cobserving an

exposed surface

of Lhe wide width pattern with a scanning
eloctron microscope (SEM) .
[6G22]

I some asgpects, the insulating composition present

in the narrow width pattern does not have voids. This is



10

15

20

25

e

— }O —

advantageous in terms of being able to form an insulator
having a reduced number of defects in a memory cell. In
the present disclosure, the insulating composition
present in the narrow width pattern not having voids
means that there are no voids ¢f a size of 3 nm or more
observed when observing a cross~section of the narrow
width pattern in the direction at a right angle to the
lengthwise direction thereof with an SEM. Furthermore,
void size refers to the maximum diameter of a void as
measured from an SEM micrograph. For example, in the
case a void has an elliptical shape, void size refers to
the maximum diameter of that ellipse. More specifically,
voids are confirmed according to the method described
below. Namely, a narrow width pattern in the form of a
trench is cut in a direction at a right angle tc the
lengthwise direction thereof, and the presence or absence
of voids is judged by observing that cross-section with
an SEM (SEM). In the case a void having a size of 3 nm
or more 1is observed, The narrow width pattern is Jjudged
to contain volds. The SEM used is reguired to have a
resolution less than the size of 3 nm of voids to be
detected. An example of a method used to judge the
presence or absence of voids with greater sensitivity
consists of treating the aforementioned trench cross-
section with a chemical capable of etching the inside
thereof followed by observing with an SEM. For example,
in the case an insulating composition containing silicon
oxide is feormed in a trench, a method can be used in
which the trench cross-section is treated with & suitable
concentration of hydrofluovic acid followad by observing
with an SEM.

[6023]

I some aspecls, the insulating compesition containg
B I T AR [ | O L S T o BT ™ R, EI— 3y
[ N S SN i GO W 0 W O 3 K S I ' SV N Lj e }:.J‘ clllo bt Ll adimes e L oL [ A W
nm. In some aspects, the insulating composition
preferably contains a nanostructure having a particle

diameter of 5 nm or more and more preferably 10 nm or
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more, and preferably contains a nanostructure having a
particle diameter of 25 nm or less and more preferably 20
nm or less.

[0024]

Although metheods are generally known for detecting
the presence of structures on the nanometer order that
use a transmission electron microscope or small angle X-
ray scattering, having a nanostructure of a particle
diameter of 3 nm to 30 nm as referred to in the present
disclosure means having a particle shape having a
particle diameter {and specifically, a major axis or
diameter) of 3 nm to 30 nm when a thin section having a
thickness of 100 nm or less has been prepared from a
cross-section of the insulating structure and that thin
section is observed with a transmission electron
microscope. The formation of cracks in the wide width
region can be prevented by making the particle diameter
of the nanostructure to be 3 nm or more. In additicn,
the formation of voids in the narrow width region can be
prevented by making the particle diameter of the
nanogtructure to be 30 nm or less. This nanostructure
can be formed from a portion derived from silica
particles in a condensation reaction obtained by at least
condensing, for example, a polysiloxane compound (such as
a polysiloxane compoﬁnd derived from a silane compound
represented by general formula (1) tc be subsequently
described) and silica particles.

[0025]

Although the size of the nanestructure is typically

not 4 single value bul rather has a definite widih, i{he
particle diameter of the nanostructure of the present
disclosure is nol reguired to be a single value, but
vather may have a certain range provided that range is a
particle diameter of 3 nm to 30 nm. In some aspects,
there is the possibllity of the insulating composition
further having a particle shape other than a

nanostructure having a particle diameter of 3 nm to 30
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nm. On the other hand, in some aspects, the shape of
substantially all of the particles of the insulating
composition preferably has a particle diameter of 3 nm to
30 nm from the viewpoint of allowing the obtaining of
Favorable effects attributable to the nanostructure.
[0026]

The ratio of the nanostructure in the insulating
composition is preferably 1% by weight to 60% by weight.
Adeguate crack prevention performance can ke demonstralted
in the wide width region by a nanostructure that is
present at a ratio within this range. The aforementioned
ratio 1s more preferably 10% by weight to 50% by weight
and even more preferably 15% by weight to 45% by weight.
Furthermore, for the sake of convenience, the
aforementioned ratioc is confirmed by slicing the
insulating structure into thin sections, observing the
insulating compesition, and calculating the area ratio
between the nancostructure portion and other portions by
carrying out image processing on the observed images.
Alternatively, in an example of the case of using a value
estimated on the basis of charged amounts, such as in the
case of using a condensation reaction product obtained
from a condensed portion containing a polysiloxane
compound {such as a polysiloxane compound derived from a
silane compound represented by general formula (1) to be
subsequently described) and silica particles, the ratio
of the amount of silica particles to the total amount of
the condensed amount of the polysiloxane compound (and

other condensation reaction components arbitrarily

contained Ln the condensed povtion) and the silica
particles can also be used for the aforementioned ratio
Tor the sake of convenience. Here, the condensed amount
refers to the amount obtained by replacing one
condensation reactive group present in the components
with 1/2 of an oxygen atom. More specifically, a
condensation reactive group refers to a group that

contributes to the formation of a siloxane bond as a
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result of condensation (such as a halogen atom, alkoxy
group or acetoxy group bound to a silicon atom).
Furthermore, at least a portion {and normally a majority)
of the aforementioned condensation reactive groups become
silanol groups due to hydrolysis during the actual
reaction, and these silanol groups are subjected to the
condensation reaction.

[0027]

The chemical composition of this insulating
composition is such that the insulating composition can
contain a condensation reaction product of a polysiloxane
compound and silica particles having an average primary
particle diameter of 3 nm to 30 nm at preferably 50% by
weight to 100% by weight and more preferably 80% by
welght to 100% by weight. In addition, the ratio of a
hydrolytic condensation structure of at least one type of
tetraalkoxysilane and at least one type of alkyl
trialkoxysilane in the entire condensation reaction
product is preferably 40% by weight to 99% by weight and
more preferably 50% by weight fo 90% by weight. In a
more preferable aspect, the ratics of the aforementiocned
condensation reaction product and the aforementioned
hydrolytic condensation structure are both made to be
within the aforementioned ranges. Although the content
of the condensation reaction product of the peolysiloxane
compound and the silica particles in the insulating
composition is preferably 100% by weight or close
thereto, void preventive effects in the narrow width
region and crack preventive effects in the wide widih
region can be favorably demonstrated if the condensation
reaction product is contained at a minimum of 50% by
weight. Forming the aforementicned polysiloxane compound
by hydrolytic condensation of at least one tLype of each
ol a tetraalkoxysilane and alky! trialkoxysilane improves
crack prevention performance to a greater degree Lhan in
the case of using each alone. In the case the ratio of

the hydrolytic condensation structure in the entire
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condensation reaction product is 40% by weighl or more,
inhibition of void formation in the narrow width region
is particularly favorable, and in the case the ratioc is
99% or less, crack prevention performance is particularly
favorable. Examples of tetraalkoxysilanes include
tetramethoxysilane and tetraethoxysilane. In addition,
examples of alkyl trialkoxysilanes include methyl
trimethoxysilane, methyl triethoxysilane, ethyl
trimethoxysilane and ethyl triethoxysilane. Furthermore,
although the ratio of the hydreclytic condensation
structure of the tetraalkoxysilane and the alkyl
trialkoxysilane in the entire condensation reaction
product can be confirmed by “’Si NMR analysis, it can also
be estimated from the charged amounts by suitably using
the ratio of the total of the condensed amount of the
tetraalkoxysilane and the condensed amount of the alkyl
trialkexysilane to the total of the condensed amount of
condensation reactive components and silica particles for
the aforementioned ratio.

[0028]

The aforementioned silica particles are for forming
the nancstructure possessed by the insulating structure
of the present invention, and the ratio of a portion
derived from the silica particles to the entire
condensation product of the silica particles and
polysiloxane compound is preferably 1% by weight to 60%
by welight and more preferably 10% by weight to 50% by
weight.

[0029]

The leilowing provides a more detalled explanation
of the insulating structure of the present inventlion with
reference to FIG. 1. Furthermore, the proportions ¢f the
structures shown in FIGS. 1 and 2 are not necessarily to

scale. In an insulating structure 1 shown in FIG. 1,

e

circuilt palttern 12 composed of a narvow width region 13

and a wide width region 14 is formed on a substrate 11.

In the present invention, the narrow width region 13 and
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the wide width regicen 14 are present within the same
layer. In other words, although the narrow width region
13 is first formed by forming a desired pattern in a
photoresist by lithography followed by removing the
unnecessary porticn by etching and forming the required
pattern on the substrate by transferring the pattern of
the photoresist, a reguired pattern is also
simultaneously formed in the wide width region 14 at this
time. After going through this step, the insulating
structure of the presenl invention is completed by
filling the pattern of the narrow width region and the
pattern of the wide width region with the same insulating
composition 15.

[0030]

The substrate 11 can be formed with an arbitrary
material widely known in the art. The substrate 11 is
preferably formed with a cconductor or semiconductor, and
is more preferably formed with a semiconducteor. In
addition, a circuit member 16 can be formed from an
arbitrary material widely known in the art corresponding
to the function and structure of the semiconductor device
to which the insulating structure is applied. For
example, in the case the insulating structure is used to
isolate one transistor from ancther transistor, a
semicenductor is preferably used for the circuit member
16. The circuilt member 16 is not necessarily required to
be composed of a single material, but rather may also be
a structure composed of a plurality of materials. 1In
addition, the circult member 16 and the substrate 11 may

e conposed of the samne material.

[0031]

A compogition having electrical insulating
properties is used for the insulating composition used in
the insulating structure of the present invention. In

consideration of the object of the present invenlion,
although having electrical insulating properties refers

to having adequately high breakdown voltage or adequately
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low leakage current between each element of a
semiconductor device, actually fabricating a
semiconductor device and measuring breakdown voltage and
leakage current require considerable time. Thus, in the
present disclosure, having electrical insulating
properties means that, when the insulating composition
used in the present invention is formed into a thin film
having a film thickness of about 100 nm to 500 nm and a
voltage is applied thereto, the electric field strength
at which the insulation breaks down is 3 MV/cm or more.
[0032]

The narvow width region 13 refers to a region having
a narrow width pattern 13a of a width W1l of 30 nm or
less. The width W1l of the narrow width pattern 13a is
preferably 25 nm or less, more preferably 20 nm or less
and even more preferably 15 nm or less from the viewpoint
of reducing the size of the semiconductor device, and is
preferably 10 nm or more, more preferably 12 nm or more
and even more preferably 14 nm or more from the viewpoint
of the ease of lithography, etching and other size
reduction processes.
[0033]

In the present disclosure, the width of each pattern
refers to an opening width.
[0034]

The width Wl is measured by observing with an SEM in
the case the opening is exposed on the surface of the
insulating structure, or by observing a cross-section at

a right angle to the opening in the case it is not

eRpOsad.
[0035

The wide width region 14 refers to a region having a
wide width pattern 1da of a width W2 of greater than 100
e The width W2 of the wide width pattern 14 is
preferably Z00 nm or more, more preferably 500 nm or more
and even more preferably 1 gum or more from the viewpoint

of reliability of the semiconductor device in which the
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semiconductor structure is applied, and is preferably 100
pm or less, more preferably 50 um or less, even more

preferably 5 pum or less and particularly preferably 5 um
or less from the viewpoint of reducing the size of the
semiconductor device. The width W2 is measured using the
same method as thalt used to measure the width Wl.

[0038]

The circult pattern in the insulating structure of
the present invention at least has a narrow width region
and a wide width region, and may also have a region other
than the narrow width region and wide width region. In
addition, the narrow width region and the wide width
region can be arranged in various ways, and can be
suitably designed by a person with ordinary skill in the
art. Although FIG. 1 shows an example in which the
narrow width regicn 13 has a plurality of narrow width
patterns of a width prescribed by the present invention
and the wide width region 14 has a plurality of wide
width patterns of a width prescribed by the present
invention, the present inventicon is not limited thereto.
Each narrow width region 13 and wide width region 14
includes a region having at least one pattern of a width
prescribed by the present invention. An example of a
preferable arrangement of both regions is that in which a
wide width region is arranged around a narrow width
region having a large, cyclical number of narrow width
patterns as observed in a semiconducltor memory device.
[G037]

The widbths of the narrow width pattern and wide
width pattern may each be constant regardiess of the

location of the pattern in the direction of depth, or may

vary corresponding to the location in the direction of

depth. An example ol the latiter is & so-called forward

Capered shape in which the widih of the bhottom 0f a
pattern 1s narrower than the width of the opening of a
pattern. From the viewpoint of reducing the size of a

semiconduclor device, the widths of the bottom of a
I
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pattern and the opening of a pattern are ideally equal,
or are preferably as close to being egqual as possible.
[0038]

A depth D1l of the narrow width pattern 13a of the
narrow width region 13 is preferably 0.4 um or more. The
depth D1 is more preferably 0.5 um or more and even more
preferably 1 um or more from the viewpoint of employing a
three-dimensional configuration for a semiconductor
device, and is preferably 4 um or less, more preferably 3

um or less and even more preferably 2 pm or less from the
viewpoint of ease of lithography or etching processing.
The depth D1 refers to the depth from the aperture to the
deepest portion of a pattern. The depth D1 is measured
by observing a cross-section of the pattern with an SEM.
[0039]

A film thickness T2 of the insulating composition 15
present in the wide width pattern l4a of the wide width
region 14 is preferably 0.8 um to 4 um and more
preferably 0.8 um to 1.5 pm. In another preferable
aspect, the film thickness T2 1s preferably 1.5 pum to 4
pm.  The film thickness T2 is measured by cobserving a
cross-section in the same manner as the aforementioned
depth Di.

[0040]

In some aspects, the top surface of the insulating
composition 15 and the top surface of the circuit member
16 can be roughly in the same plane in each of the narrow
width region and wide width reglion or in both the narrow
width region and wide width regicon., Tn a typloal aspeot,

a film thicknezs Tl of the insulating composition present
in a parrow width pattern is equal to the depth DI of the
narrow width pattern. In a typical aspect, the film
thilckness T2 of Lhe insulating composition in a wide
width pattern is equal to a depth D2 of the wide width
pattern. In a mere typical aspect, the values of T1, D1

r

T2 and D2 are equal.
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[0041]
A width L1 of the clircuiif member 16 of the narrow
The width

L1 is preferably 10 nm or more, more preferably 20 nm or

width region 13 is preferably 10 nm or more.

more and even more preferably 30 nm or mcre from the
viewpoint of ease of lithography and etching, and is
preferably 100 nm or less and more preferably 50 nm or
less from the viewpcint of reducing the size of a
semiconductor device. The width L1 is measured using the
same method as that used to measure width W1.

[0042]

A width L2 of the circuit member 16 of the wide area

The width L2

is preferably 100 nm or more, more preferably 500 nm or

regicn 14 is preferably 100 nm to 100 um.

more and even more preferably 1 um or more from the
viewpoint of ease of lithography and etching, and is
preferably 100 pm or less, more preferably 10 pum or less
and even more preferably 5 pum or less from the viewpoint
of reducing the size of a semiccnducter device. The
width LZ is measured using the same method as that used
to measure the width L1.
[0043]

Although the lengths of the narrow width pattern and

wide width pattern,
direction of length,
with ordinary skill
to 10 pm each. The
more preferably 500

pm or mere from the

etching, and are preferably 10 um or less,

{

preferably 5 pm or 1
less Lrom Lhe viewpoint of

P SRR PR B
R § 1 SRR Iy A IO [ e i Lo v Lo

namely the dimensions thereof in the

can be sultably designed by a person
in the art, they are preferably 50 nm
lengths are preferably 50 nm or more,
nm or more and even more preferably 1
viewpolint of ease of lithography and
more

e¢ss and even moere preferably 2 um orn

reducing the size of &
LA P T o U S SO | PR S
. U SO S TR I MRS R S O AU RS I e O S Eil(ﬂ ik oad e

measured by SEM observation in Lhe same manner as the

width L1 and the widith LZ2.

[0044]
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The insulating composition present in the narrow
width pattern 13a of the narrow width region 13
preferably has resistance to hydrofluoric acid. 1In the
present disclosure, the insulating composition present in
the narrow width pattern having resistance to
hydroflucoric acid means that after having cut a narrow
width pattern at a right angle to the lengthwise
direction thereof fo expose a cross-secltion and then
treating that cross-section wilth hvdrofluoric acid under
suitable conditions, there are no voids present as
previcusly defined when observed with an SEM. The
conditions of hydrefluoric acid treatment can be suitably
selected according to the type cf insulating composition.
Typically, conditions under which the insulating
composition is etched by 10 nm to 100 nm are employed to
Tacilitate confirmaticn of the presence or absence of
voids by SEM cobservation.

[0045]

<Insulating Structure Production Method>

In another aspect of the present invention, a method
is provided for producing the aforementioned insulating
structure of the present invention, comprising a step for
preliminarily forming patterns corresponding to the
narrow width region and the wide width region on a
substrate, a step for coating a coating composition for
forming the insulating composition on the patterns, and a
step for converting the ceoated coating compesition ko an
insulating composition by heating. For example, a method

for producing the insulating structure of the present

invention as shown in FiG. | preferably consists of
preliminarily forming patierns corrvesponding to the
narrow width region 132 and the wide width region 14 in
the same layer on the substrate 11 followed by coating a
coating composition for forming the insulating
composition 15, and then heating the coating composition
to form the insulating composition 15. A known method is

suitably selected and used from among lithography and
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etching as previously described to form the narrow width
region 13 and the wide width region 14. Although there
are no particular limitations thereon, the method used to
coat the coating compositicon is preferably a method that
easily allows the obtaining of a desired film thickness
in the manner of spin coating. Although there are no
particular limitations on the heating method, a solvent
is preferably first evaporated at a temperature of 80°C to
150°C followed by baking at a temperature of 200°C to
800°C in order to stably form the insulating structure of
the present invention. The baking temperature is
suitably set in consideration of the chemical composition
of the insulating composition as well as those elements
insulated by the insulating structure, such as the heat
resistance of memory cells in a semiconductor memory.
[00486]

[Ceoating Composition]

The coating compesition used in the insulating
structure production method according to one aspect of
the present invention preferably uses a condensation
reaction product solution comprising:

(I} a condensation reaction product obtained by a
condensation reaction of a condensation component
containing at least (i) 40% by weight to 99% by weight as
the condensed amount of a polysiloxane compound derived
from a silane compound represented by the following

general formula (1):

1oyl
RpS3iX gy (1)
(wherein, n represents an integer of 0 to 3, R' represents
1 - - Baving O I & T Ty I, e ) na ]
[ EAN 4 poi v ] iy BN (SR RO S e A = N ciiiddl A

represents a halogen atom, alkoxy group having 1 to 6
carbon atoms, or an acetoxy dgroup), and (11) 1% by weight
to 60% by weight of silica particles, and

{11y a solvent, and

the silane compound represented by the general

formula (1) consists of two or more types of silane



{1

10

15

20

25

- 22

compounds comprising at least a tetrafunctional silane

compound in which n in general formula

(1) is 0 and a

trifunctional silane compound in which n in general

formula

(1Y is 1.

Namely, the aforementioned

condensation reaction product is cbtained by a

condensation reaction of a condensation component

containing in a prescribed composition a polysiloxane

compound, derived from two or more types of silane

compounds represented by the aforementioned general

formula

(1) that are least comprised of a tetrafunctional

silane compound and a trifunctional silane compound, and

silica particles.

this condensation reaction product,

In the case of using a solution of

an insulating

structure having a memory cell and peripheral circuit in

the same layer can be formed while favorably preventing

the Fformation of cracks 1in an insulator.

[0047]

(Polysiloxane Compound Derived from Silane Compound

Represented by General Formula (1))

The polysiloxane compound used Lo form a coating

composition is preferably derived from a silane compound

represented by the aforementioned general formula (1).

More specifically,

the polysiloxane compound is a

polycondensate of a silane compound represented by the

aforementioned general formula

{1y. Moreover, the silane

compound represented by general formula

{1) used in the

present invention consists of two or more types of silane

compounds at least comprising a tetrafunctional silane

compound in which n in general formula

trifunctional silane compound ln which n

formula
[6048]

Specific

formaila

hydrocarbon groups such as a methyl,

(1) is 1.

examples of R' in

(1} i= 0 and &

in general

the aforementioned general

(1} include acyclic and cyelic aliphatic

isopropyl, n-butyl,

pentyl,

neopentyl,

sec-butyl,

cyclopentyl,

t-butyl,

n-hexyl,

ethyl, n-propyl,

n-pentyl, iso-

iso~hexyl,
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cyclohexyl, n-heptyl, iso-heptyl, n-octyl, iso-octyl, t-
octyl, n-nonyl, iso-nonyl, n-decyl or iso-decyl group;
acyclic and cyclilic alkenyl groups such as a vinyl,
propenyl, butenyl, pentenyl, hexenyl, cyclohexenvyl,
cyclohexenylethyl, norbornenylethyl, heptenyl, octenyl,
nonenyl, decenyl or styrenyl group; aralkyl groups such
as a benzyl, phenethyl, Z-methylbenzyl, 3-methylbenzyl or
4-methylbenzyl group; aralkenyl groups such as a PhCH=CH-
group; and, aryl groups such as a phenyl group, tolyl
group or xylyl group. Moreover, a specific example of R'
is also a hydrogen atom. Among these, from the
viewpoints of little weight loss during conversion o
silicon oxide when baking and being able to impart a
condensation reaction product having a low shrinkage
factor, R' is preferably a hydrogen atom, methyl group or
ethyl group, and more preferably a methyl group.

[0049]

Specific examples of X' in the aforementioned general
formula (1) include halogen atoms such as a chlorine,
bromine or iodine atom; alkoxy groups such as a methoxy
group, ethoxy group, n-propyloxy group, iso-propyloxy
group, n-butyloxy group, t-butyloxy group, n-hexyloxy
group or cyclohexyloxy group; and an acetoxy group.

Among these, halogen atoms such as an ilodine atom, alkoxy
groups such as a methoxy group or ethoxy group, and an
acetoxy group are preferable due to the high reactivity
of the condensation reaction.

[0050]

As a result of the pelysiloxane compound derived
From @ silane compound represented by general fLormula (1)
containing a component derived from a tetrafunctional
silane compound in which n is general formula (1} is 0,
film formation of the insulating composition and adhesion
to the substrate are favovable. As a result of the
polysiloxane compound containing a component derived from
a trifunctional silane compound in which n in general

formula (1) is 1, cracking resistance and hydrofluoric



N

10

z0

25

L)

R

acid (HI'}) resistance of the insulalting composition are
favorable and gap~f£fill capability is also favorable. The
total amount of the component derived from a
tetrafunctional silane compound and the component derived
from a trifunctional silane compound in the entire
polysiloxane compound derived from a silane compound
represented by general formula (1) based on the number of
moles of each silane compound is preferably 90 mel% to
100 mol% and more preferably %95mol% to 100 mol%. As a
result of making the total amount of the component
derived from a fetrafunctional silane compound and the
component derived from a trifunctional silane compound to
be within the range of this ratio, film formation,
adhesion to the substrate, cracking resistance and HF
resistance are further improved, and film formation on
variocus substrates is particularly favorable. 1In the
present invention, in the case of using a polysiloxane
compound derived from two or more types of silane
compounds having the specific composition described
above, a condensation reaction product solution is
obtained that is able to form an insulating composition
having favorable film formation, substrate adhesion,
cracking resistance, HF resistance and gap-fill
capability. The following provides an explanation of
more preferable aspects of the tetrafunctional silane
compound and trifunctional silane compound.

[0051]

The ratio of a component derived from a
tetrafunctional silane compound represented by the
tollowing general Tormula (2):

81Xy (2)

{(wherein, X represents a halogen atom, allkoxy group

having 1 to & carbon atoms or an acetoxy group)in a

oen e "

polysiloy sl lane compound

L
.
[
-

represented by general formula (1) that can be used in
the present invention is preferably 5 mol% to 40 mol%.

Furthermore, the structure of X° in the aforementioned
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general formula (2) corresponds to the structure of X' in
the aforementiocned general formula (1), and the structure
of general formula (2) represents a portion of the
structure of general formula {(1). In the case the ratio
of the compeonent derived from a tetrafunctional silane
compound represented by general formula (2) in the
polysiloxane compound derived from a silane compound
represented by general formula (1) is 5 mol% or more,
film formation and substrate adhesion are favorable,
thereby making this preferable, and this ratio is more
preferably 10 mol% or more. On the other hand, in the
case this ratic is 40 mol% or less, HF resistance is
favorable, thereby making this preferable, and this ratio
is more preferably 35 mol$% or less and even more
preferably 30 mol% or less.

[0052]

Specific examples of X° in the aforementioned general
formula (Z2) include halogen atoms such as a chlorine,
bromine or iodine atom; alkoxy groups such as a methoxy
group, ethoxy group, n-propyloxy group, iso-propyloxy
group, n-butyloxy group, t-butyloxy group, n~hexyloxy
group or cyclohexyloxy group; and an acetoxy group.

Among these, halogen atoms such as an iodine atom, alkoxy
groups such as a methoxy group or ethoxy group and an
acetoxy group are preferable due to the high reactivity
of the condensation reaction.

[0053]

In particular, an aspect in which the condensation
component used in the present invention contains 5%0% by
waight Lo Y90% by welght as the condensed amount of the
polysilozxane compound represented by general formula (1)
and 10% by weight to 50% by welght of silica particles,
and the ratio of the component derived from a
tetrafunctional silane
aforementioned general formula (2} in the polysiloxane
compound is 5 mol% to 40 mol%, is parvticularly

preferable.
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[00541]

The ratic of the component derived from a
trifunctiocnal silane compound represented by the
following general formula (3):

R?S1ix%; (3)
(wherein, R* represents a hydrocarbon group having 1 to 10
carbon atoms and X’ represents a halogen atom, alkoxy
group having 1 to 6 carbon atoms or an acetoxy group) in
the polysiloxane compound derived from a silane compound
represented by general feoermula (1) that can be used in
the present invention is preferably 60 mol% to 95 mol%.
Furthermore, the structure of ¥° in the aforementioned
general formula (3) corresponds to X' in the
aforementioned general formula (1), and the structure of
R? in the aforementioned general formula (3) represents a
partial aspect of R' in the aforementiocned general formula
(l}. Namely, the structure of general formula (3)
represents a portion of the structure of general formula
{1}. In the case the ratio of the component derived from
a trifunctional silane compound represented by general
formula (3) in the polysiloxane compound is 60 mol% or
more, in addition to HF resistance and cracking
resistance being favorable, gap-£ill capability is also
favorable, thereby making this preferable, and the ratic
is more preferably 65 mcl% or more and even more
preferably 70 mol% or more. On the other hand, in the
case the ratic is 95 mol% or less, film formation and
substrate adhesion are preferable, thereby making this
preferable, and the ratio is more preferably 90 mol$% or

.
Do
PR wae e Y

[0055]

Furthermore, the structure of the pelvsiloxane
compound, and particularly the presence and contents of
structures respectively represented by the alorementioned
general formulas (1), (Z) and (3}, can be confirmed by
81 NMR analysis.
[0056]
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Specific examples of R® in the aforementioned general
formula (3) include acyclic or cyclic aliphatic
hydrocarbon groups such as methyl, ethyl, n-propyl,
isopropyl, n-butyl, sec~butyl, t-butyl, n-pentyl, iso-
pentyl, neopentyl, cyclopentyl, n-hexyl, iso-hexyl,
cyclohexyl, n-heptyl, iso-heptyl, n-octyl, iso-octyl, t-
cctyl, n-nonyl, iso-nonyl, n-decyl or iso~decyl groups;
acyclic or cyclic alkenyl groups such as vinyl, propenyl,
butenyl, pentenyl, hexenyl, cyclohexenvl,
cyclohexenylethyl, norbornenylethyl, heptenyl, octenyl,
nonenyl, decenyl or styrenyl groups; aralkyl groups such
as benzyl, phenethyl, Z-methylbenzyl, 3-methylbenzyl or
4-methylbenzyl groups; aralkenyl groups such as PhCH=CH~
group; and, aryl groups such as phenyl group, tolyl group
or xylyl group. Among these, from the viewpcints of
little weight loss during conversion to silicon oxide
when baking and being able to impart a condensation
reaction product having a low shrinkage factor, R’ is
preferably a methyl group or ethyl group, and more
preferzably a methyl group.

[0057]

Specific examples of X in the aforementioned general
formuia (3) include halogen atcms such as a chlorine,
bromine or ilodine atom; alkoxy groups such as a methoxy
group, ethoxy group, n-propyloxy group, iso-propyloxy
group, n-butyloxy group, t-butyloxy group, n-hexyloxy
group or cyclilohexyloxy group; and an aceltoxy group.

Among these, halogen atoms such as a chlorine atom,
bromine atom or iodine atom, alkoxy groups such as a
methony group or ethoxy group, and an aceloxy group are
preferable due to their high reactivity in the
condensation reaction.

[OO58B]

(Production of Polysiloxane Compound Derived from
Silane
Compound Represented by General Formula {1))

The aforementioned polysiloxane compound can be
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produced, for example, by method in which the
aforementicned silane compound 1is subjected to
polycondensation in the presence of water. AL this time,
polycondensation is carried cut in the presence of water
within a range of preferably 0.1 eguivalents to 10
equivalents and more preferably 0.4 eguivalents teo 8
equivalents based on the number of X' contained in the
sllane compound represented by the aforementioned general
formula (1) in an acidic atmosphere. In fthe case the
amount of water presenit is within the aforementioned
ranges, the pot life of the condensation reaction product
soluticn is prolonged and cracking resistance of the film
following film formaticn can be improved, thereby making
this preferable,.

[0059]

In the case the silane compound used to produce the
aforementioned polysiloxane compound contains a halogen
atom or acetoxy group for X' in the aforementioned general
formula (1), the reaction system demonstrates acidity as
a result of adding water for the condensation reaction.
Accordingly, in this case, an acid catalyst may or may
not be used in addition to the silane compound. ©On the
other hand, in the casé X' in the aforementioned general
formula (1) is an alkoxy group, the addition of an acid
catalyst is preferable.

[00€60]

Examples of acid catalysts include inorganic acids
and organic acids. Examples of the aforementioned
inorganic acids include hydrochloric acid, nitric acid,
sus furic acid, hydroiflvoric acid, phosphoric acid and
boric acld. Examples of the aforementioned organic acids

include acetic acid, propionic acid, butancic acid,

heptanoic acid, hexanoic acld, heptanclic acid, cctancic
acid, nonancic acid, decanclic acld, oxalic acld, maleic

acid, methylmalonic acld, benzoic acid, p-aminchenzoic
acid, p-toluenesulfonic acid, benzenesulfonic acid,

trifluorcacetic acid, formic acid, malonic acid, sulfonic
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acid, phthalic acid, fumaric acid, citric acid, tartaric
acid, citraconic acid, malic acid and glutaric acid.
[0061]

Cne type of the aforementioned lnorganic acids and
organic acids can be used or two or nmore Lypes can be
used by mixing. In addition, the amount of acid catalyst
used is preferably an amocunt that adjusts the pH of the
reaction system when producing the polysiloxane compound
to 0.01 to 7.0 and preferably 5.0 to 7.0. In this case,
the weight average molecular weight of the polysiloxane
compound can be favorably controlled.

[0062]

The polysiloxane compound can be produced in an
organic solvent or in a mized solvent of water and an
organic solvent. Examples of the aforementioned ocrganic
solvent include alcochols, esters, ketones, ethers,
aliphatic hydrocarbons, aromatic hydrocarbons and amide
compounds.

{0063]

Examples of the aforementioned alcohols include
monovalent alcohols such as methyl alcohol, ethyl
alcohol, propyl alcohel or butyl alcohel; polyvalent
alcohols such as ethylene glycol, diethylene glycol,
propylene glycol, glycerin, trimethylolpropane or
hexanetriole; and monoethers of polyvalent aicohols such
as ethylene glyccl moncomethyl ether, ethylene glycol
moncethyl ether, ethylene glvycol menopropyl ether,
ethylene glycdl monobutyl ether, diethylene glycol
monomethyl ether, diethylene glycol monoethyl ether,

diethylene glyvcecol monopropyl ether, diethylene glyood
monobutyl ether, propylene glycol monomethyl ether,
nropylens glycol monoethyl ether, propylene glycol
monepropyl ether or propylene glyool monobutyl ether.
(00641

Examples of the aforementioned esters include methyl
acetate, ethyl acetate and butyl acetate.
[0065]
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Examples of the aforementioned ketones include
methyl ethyl ketone and methyl isocamyl ketone.
[0066]

Examples of the aforementioned ethers include, 1in
addition to the aforementioned monoethers of polyvalent
alcohels, polyvalent alcohol ethers in which all of the
hydroxyl groups of the polyvalent alcohel have been alkyl
etherified, such as ethylene glycel dimethyl ether,
ethylene glycol diethyl ether, ethylene glycol dipropyl
ether, ethylene glycol dibutyl ether, propylene glycol
dimethyl ether, propylene glycol diethyl ether, propylene
glycol dibutyl ether, diethylene glycol dimethyl ether,
diethylene glycol methyl ethyl ether cor diethylene glycol
diethyl ether; tetrahydrofuran, 1,4-dioxane and anisole.
[0067]

Examples of the aforementioned aliphatic
hydrocarbons include hexans, heptane, octane, nonane and
decane.

[C0€8]

Examples of the aforementioned aromatic hydrocarbons
include benzene, toluene and xylene.
[0069]

Examples of the aforementioconed amide compounds
include dimethylformamide, dimethylacetocamide and N~
methylpyrrelidone.

[0070]

Among the aforementicned solvents, alcohol-based
solvents such as methanol, ethanol, isopropanol or
butanol; ketone-based solvents such as acetone, methyl

eibhyl ketone or melhyl isobutyl kelone; ether-based

solvents such as ethylene glycol monomethyl ether,
diethylene glycel monobutyl ether, propylene glycol
monomethyl ether cor propyviene glycol moncethyl ether; and
amide compound-based solvents such as dimethylformamide,
dimethylacetoamide or N-methylpyrrolidone are preferable
in terms of being readily miscible with water and easily

dispersing silica particles.
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[0071]

In a preferable aspect, the polysiloxane compound
can be produced by hydrolytic polycondensation in an
aqueous alcohol solution under weakly acidic conditions
of a pH of 5 to less than 7.

[0072]

These solvents may be used alone or a plurality of
types of solvents may be used in combination. In
addition, the reaction may also be carried out in bulk
withoult using the aforementioned solvents.

[0073]

Although there are no particular limitations on the
reaction temperature when producing the polysiloxane
compound, the reaction is preferably carried out within a
range of -50°C to 200°C and more preferably within a range
of 0°C to 156°C. As a result of carrying out the reaction
within the aforementioned temperalture ranges, the
molecular welight of the polysiloxane compound can be
easily controlled.

[0074]

In a preferable aspect, the content of the
polysiloxane compound derived from a silane compound
represented by general formula (1) in the condensation
component 1is set so that the amount of the polysiloxane
compound as the condensed amcunt thereof is 40% by weight
to 99% by weight. The condensed amount of the
polysiloxane compound as described ahove refers to the
amount obtained by replacing a residual X' in the
aforementioned polysiloxane compound (X' is as previously
celined in general formula (1)) with 1/7 of an oxygoen

. Lkl

atom. The condensed amount ig preferably 40% or more in
that film fommation and gap-Till capabllity oif the

coating composition are favorable. “The condensed amount

rably 50% by weight or more and even more

is more ore
preferably 55% by weight or more. On the other hand, the
condensed amount is preferakly 99% by welght or less in

that low shrinkage factor and favorable cracking
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resistance are obtained for the insulating composition.
The condensed amount is more preferably 20% by weight or
less and even more preferably 85% by weight or less.
[CO75]

(Silica Particles)

Examples of the silica particles used in the present
invention include fumed silica and colloidal silica.
[0076]

The aforementicned fumed silica can be cobtained by
reacting a compound containing silica atoms with oxygen
and hydrogen in the vapor phase. Examples of silicon
compounds serving as raw material include silicon halides
{such as silicon chloride).

{0077}

The aforementicned cclloidal silica can be
synthesized by a sol gel method consisting of hydrolyzing
and condensing a raw material compound. Examples of raw
material compounds of colleidal silica include
alkoxysilanes (such as tetraethoxysilane) and halogenated
silicon compounds (such as diphenyldichlorosilane).

Among these, colleoidal silica obtained from an
alkoxrysilane is more preferable since it contains low
levels of metals, halogens and other impurities.
{0078}

The average primary particle diameter of the silica
particles is preferably 1 nm to 120 nm, more preferably
40 nm or less, even more preferably 20 nm or less and
most preferably 15 nm or less. 1In the case the

aforementioned average primary particle diameter is 1 nm

O omore, cracking resistance of the donsulating

composition is favorable, thereby making this preferable,
while in the case the average primary particle diameter
s 120 nm or less, gap-f£ill capability of the coating

composition is

t0G791]

favoraple, thereby making this preferable.

T'he average secondary particle diameter of the

silica particles is preferably 2 nm to 250 nm, more
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preferably 80 nm or less, even more preferably 40 nm or
less and most preferably 30 nm or less. In the case the
aforementioned average secondary particle diameter is 2
nm or more, cracking resistance of the insulating
composition is favorable, thereby making this preferable,
while in the case the average secondary particle diameter
is 250 nm ox less, gap-fill capability of the coating
composition is favorable, thereby making this preferable.
[0080]

In addition, silica particles having an average
secondary particle diameter that is within the
aforementioned ranges and is 0.1 to 3 times the minimum
opening width of trenches formed in the substrate is
preferable in terms of favorable trench-fill capability,
and 1s more preferably 0.1 to 2 times the aforementioned
minimum opening width.

[0081]

The aforementioned average primary particle diameter
is a value that is determined by calculating from
specific surface area as determined with the BET method,
while the aforementioned average secondary particle
diameter is a value measured with a dynamic light
scattering photometer.

[0082]

Although the shape of the silica particles can be
spherical, linear, flat, fibrous or a shape obtained by
combining two or more types thereof, it is preferably
spherical. Furthermore, "spherical" here refers Lo a
roughly spherical shape, and includes the case of a
perlfect sphere, oblate sphervoid or ovalold and the like.
[0083]

The specific surface area of the gilica particles as
determined by the BET method is preferably 23 m*/g to 2700
m /g, more preferably 3% m'/g to 2700 w'/g, sven more
preferably 135 wm'/g to 2700 m'/g, and particularly
preferably 180 m*/g to 2700 Hﬁ/g Lrom the viewpoint of

favorable HIF resistance.
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[C084]

The aforementioned specific surface area as
determined by the BET method is a value measured by
method in which specific surface area is calculated from
the pressure of N; molecules and the amount of adsorbed
gas.

[0085]

There are no particular limitations on the silica
particles provided they satisfy the aforementioned
requirements, and commercially available products can
also be used.

{0086]

Lxamples of commercially available colloidal silica
include members of the Evasil series (H.C. Starck GmbH),
Methanol Silica Scl, IPA-ST, MEK-ST, NBA~-ST, XBA-ST,
DMAC-5T, s5T-UP, ST-OQUP, ST-20, ST-40, ST-C, ST-N, ST-0,
ST-50, ST-0L (Nissan Chemical Industries, Ltd.), members
of the Quartron PL series {(Fuso Chemical Co., Ltd.}, and
members of the Oscal series (JGC C&C Ltd.); and examples
of powdered silica particles include Aercosil 130, Aerosil
300, Aercosil 380, Aerosil TT600, Aerosil 0X50, Aerosil
H51, Aerosil HS2, Aerosil H121, Aerosil H122 {Asahi Glass
Co., Ltd.), E220A, E220 (Nippon Silica Industrial Co.,
Ltd.}, Sylysia 470 (Fuji Sylysia Chemical Co., Ltd.), and
5G Flake (Nippon Sheet Glass Co., Ltd.). The silica
particles can also be used dispersed in a dispersion
medium. The content thereof in that case is calculated
using a value obtained by multiplying the concentration
ol the silica particles by the net weight of the silica
particles, namely the welght of the dispersion.

[00B7]

The content of the silica particles in the

condensation component is preferably 1% by weight to 60%

by weight. TIn the case the content is 1% by welght or
more, the shrinkage of the insulating composition is low

and cracking resistance is favorable, thereby making this

prefervable. The content is more preferably 10% by welght
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the other hand, in the case the content is 60% by weight
or less, film formation and gap-fill capability of the
coating composition are favorable, thereby making this
preferable. The content is more preferably 50% by weilght
or less and even more preferably 45% by weight or less.
[0088]

{Silane Compound)

The condensation component used when producing a
condensation reaction product able to be used in the
present invention can be composed of the polysiloxane
compound derived from a silane compound represented by
the aforementioned general formula (1) and silica
particles, and can alsc contain other components. A
silane compound represented by the aforementioned general
formula (1), for example, can be used as another
component. In this case, a condensation reaction
consisting of the following two stages, for example, can
be employed. Namely, the polysiloxane compound and
silica particles are first subijected to a condensation
reaction by, for example, a method in which a sclution of
the polysiloxane compound 1s added te a dispersion
cbtained by dispersing the silica particles in a solvent
(first stage). Next, a silane compound represented by
the aforementioned general formula (1} is further reacted
with the resulting reaction solution (second stage). The
silane compound represented by general formula (1} used
as a condensation component may consist of one type or a
plurality of types. 1In the case of using a plurality of
Lypes of silane conpounds, one type of each silane
compound may be sequentially added to the reaction system
oy a pilurality of types may be mixed and then added to
the reaction system In the aforementioned second stage,
for erxample.

[0089]
In the case of using & silane compound represented

by the aforementioned general formula (1} as a
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condensation component, the content of the sillane
compound in the condensaticn component is preferably set
to be greater than 0% by weight to 40% by weight as the
condensed amount of the silane compound. Here, the
condensed amount of the silane compound refers to the
amount obtained by replacing X' in general formula (1)
with 1/2 of an oxygen atom. In the case the condensed
amount exceeds 0% by weight, the pot life of the
condensation reaction product solution is prolonged,
thereby making this preferable. The condensed amount is
more preferably 0.01% by weight or more and even more
preferably 0.03% by weight or more. On the other hand,
in the case the condensed amount is 40% by welght or
less, cracking resistance of the insulating composition
is favorable, thereby making this preferable. The
condensed amount is more preferably 30% by weight or less
and even mere preferably 20% by weight or less.

[0090]

(Properties of Condensation Reaction Product)

When a tetrafunctional siloxane compcnent derived
from silica particles and & tetrafunctional silane
compound in which n = 0 in & silane compound represented
by the afeorementioned general formula (1} (namely, that
represented by the aforementioned general formula {(2)) is
defined as a component ¢, then the amounts of components
Q0 to Q4, respectively corresponding to components in
which the number of siloxane bonds 1s 0 to 4, can be
determined by solution or solid-state 2°Si NMR analysis.
In the present invention, lthe ratio between the peak
intensity {A) of all tetrafunciional siloxane components
(namely, a component corresponding to 0 sileozane bonds
(component QC), a component corresponding to 1 siloxane
bond (component Q1), a component corresponding to 2
siloxane bonds (component Q7), & component corresponding
to 3 siloxane bonds (component Q3), and a component
corresponding te 4 siloxane bonds {component Q4)}) and the

peak intensity (B) of the component corresponding to 4
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siloxane bonds (namely, component Q4}) preferably
satisfies the relationship of (B)/(A} 2 0.50. 'The
aforementioned ratio is more preferably such that (B)/{A)
2 0.6 and even more preferably such that (B)/(A) 2z 0.7.
In the case the aforementioned ratio is within the
aforementioned ranges, there are few terminal groups such
as silanol groups or alkexy groups in the condensation
reaction product, thereby lowering curing shrinkage of
the coating composition and improving gap-Lfill capability
of the coeoating composition, and pot life of the
condensation reaction product solution is prolonged,
thereby making this preferable. Furthermore, the peak
intensity of each component ¢ is calculated from peak
area.

[0091]

The welght average molecular weight of the
condensation reaction product is preferably 1,000 to
20,000 and more preferably 1,000 to 10,000. In the case
the weight average molecular weight of the condensation
reaction product is 1,000 or more, [ilm formation of the
coating compesition and cracking resistance of the
insulating composition are favorable, while in the case
the weight average molecular weight is 20,000 or less,
gap~fill capability of the coating composition is
favorable and the pot life of £he condensation reaction
product solution is prolonged, thereby making this
preferable. Furthermore, the aforementioned weight
average molecular weight is a value measured using gel
permeation chromatography followed by calculating by
converting on the basls of polymethyl methacrylate,
Molecular weight can be determined by measuring a 1% by
weight solutlon of the condensation reactlion product in
an acetone solvent using the MLC-8220 gel permeatlion
chromatograply (GPU) manufactured by Tosoh Corp. and a
ToKgel GMHyp-M column, and welght average molecular weight
(Mw) can be determined by converting on the basis of

polymethyl methacryiate with a differential refractometer
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[0092]

(Solvent)

The condensation reaction product solution contains
a solvent. Examples of solvents include at least one
type of solvent selected from the group consisting of
alcohol-, ketone-, ester-, ether- and hydrocarbon-based
solvents, and esters, ethers and hydrocarbon-based
solvents are more preferable. In addition, the boiling
point of these scolvents is preferably 100°C to 200°C. The
content of solvent in the cendensation reaction product
solution is preferably 100 parts by weight to 1900 parts
by weight and more preferably 150 parts by weight to 900
parts by weight based on 100 parts by weight of the
reaction product. 1In the case the content of the solvent
is 100 parts by weight or more, the pot life of the
condensation reaction product soluticon is prolonged,
while in the case the content is 1900 parts by weight or
less, gap-fill capability of the coating composition is
favorable, thereby making this preferable.

{0093}

Specific examples of the aforementioned alcohol-,
ketone~, ester-, ether- and hydrocarbon-based soclvents
include alcohol-based solvents such as butanol, pentanol,
hexanol, octancl, methoxyethanol, ethoxyethanol,
propylene glyccl monomethoxy ether and propylene glycol
monoethoxy ether; ketone-based solvents such as methyl
ethyl ketone, methyl isobutyl ketone, isocamyl ketone,
aethyl hexyl ketone, cyclopentanone, cyclohexanone or y-

bt

yrolactone: estor-haased aolvents

acetate, pentyl acetate, hezyl acetate, propyl
propilonate, butyl propionate, pentyl proplonate, hexyl
proplonate, propylene glycol monomethyl ethyl acetate or
ethyl lactate; ether-based solvents such as butyl ethyl
ether, butyl propyl ether, dibutyl ether, anisole,
ethylene glycol dimethyl ether, ethylene glycol diethyl

ether, propylene glyceol dimethyl ether, propylene glycol



10

15

20

25

30

_39 —

monomethyl ether or propylene glycol diethyl ether; and,
hydrocarbon-based sclvents such as toluene or xylene,
[0094]

In the condensatlion reaction product solution, the
selvent having a boiling point of 100°C te 200°C (for
example, one or more types of solvents selected from the
group consisting cf alcohol-, ketone-, ester-, ether~ and
hydrocarbon-based sclvents) preferably composes 50% by
weight or more of all solvents contained in the

condensation reaction product sclution. In this case, a

solvent having a boiling point of below 100°C may also be

mixed inte the condensation reaction product solution.

In the case a scolvent having a beiling point of 100°C to
200°C (for example, one or more types of solvents selected
from the group consisting of alcohol-, ketone-, ester-,
ether- and hydrocarbon-based solvents) composes 50% by
welight or more of all solvents, the pot life of the
condensation reaction prodict solution is prolonged and
film formation of the coating composition is favcrable,
thereby making this preferable.

[0095]

(Production of Condensation Reaction Product
Solution)

The following provides an explanation of a
preferable method for producing a condensation reaction
product solution able to be used for the coating
composition. The condensation reaction product solution
can be produced by a method comprising:

a first step for obtaining a polvsiloxane compound
by carrying out hydrolytic polycondensation on Lwo of
more types of silane compounds rvepresented by the
following general formula (1):

RY,E1X ., (1)
{(wherein, n represents an integer of 0 to 3, R' represents
a hydrogen atom or hydrocarbon group having 1 to 10

carbon atoms, and ¥' represents a halogen atom, alkoxy
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group having 1 to 6 carbon atoms or an acetoxy group)
that at least contain a tetrafunctional silane compound
in which n in general formula (1) is 0 and a
trifunctional silane compound in which n in general
formula (1) is 1, and

a second step for carrying out a condensation
reaction on a condensation component at least containing
40% by weight to 99% weilght of the polysiloxane compound
obtained in the first step as the condensed weight
thereof, and 1% by welght to 60% by weight of silica
particles.

[0096]

A solvent can be added tc the reaction system or
allowed to be present therein at a suitakle time in
either the aforementioned first step or second step or in
beth steps. In addition, an arbitrary third step for
further adding solvent can be contained after the second
step. In the third step, solvent replacement treatment
may be carried out after adding solvent to remove water
and solvent having a bolling point of 100°C or lower, for
example.

[0097]

In a more preferable aspect, in the aforementioned
first step, a silane compound consisting of a combination
of 5 mol% to 40 mol% of a tetrafunctional silane compound
represented by the following general formula (2):

six?, (2)
(wherein, X’ represents a halecgen atom, alkoxy group
having 1 toe 6 carbon atoms or an acelboxy group) and 60
mols to 8% mols of a trifunctional silane compound

represented by the following general formula (3):

REGIN, (3)
(wherein, R represents a hydrocarbon group having 1 to 10
carbon atoms and X! represents a halogen atom, allkosy
group having 1 to 6 carbon atoms, or an acctoxy group)

can be used for the silane compound represented by

general formula (1).
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[0098]

The first step can be carried out using a technigue
described in detail in the section describing production
of the polysiloxans compound.

[0099]

In the aforementioned second step, when the
aforementioned silica particles are subjected to a
condensation reaction with the aforementioned
polysiloxane compound, the reaction can be allowed to
proceed using silica particles dispersed in a solvent.
This solvent can be water, an organic sclvent or a mixed
solvent thereof. The type of organic sclvent present in
the reaction system during the aforementioned
condensation reaction varies according to the dispersion
medium in which the silica particles used are dispersed.
In the case the dispersion medium of the silica particles
used is an aqueous medium, an agueous dispersion medium
obtained by adding water and/or alcohol-based solvent to
the silica particles may be reacted with the polysiloxane
compound, or water contained in an aqueous dispersion of
the silica particles may first be replaced with an
alcohel-based sclvent, followed by reacting this alcohol-
based dispersicn of silica particles with the
polysiloxane compound. The alcohol-based solvent used is
preferably an alcochol-based solvent having 1 to 4 carbon
atoms, examples cf which include methancol, ethanol, n-
propanel, Z-propanol, n-butanol, methoxyethanol and
ethoxyethanol. These solvents are preferable since they
are readily miscible with water.

(01007

In the case the dispersion medium of the silica
particles used is an alcchol-, ketone-, ester- or
hydrocarbon-based solvent, water or alcohol-, ether—,
ketone~ oy ester-based solvent can bhe vsed as solvent
present in the reacltion system during the condensatilon
reaction. Examples of alcohols include methanol,

ethanol, n-propanol, 2-propancl and n-butanol. Examples
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of ethers include dimethoxyethane. Bkxamples of ketones
include acetone, methyl ethyl ketone and methyl isobutyl
keteone. Examples of esters include methyl acetate, ethyl
acetate, propyl acetate, ethyl formate and propyl
formate.

[0101]

In a preferable aspect, the second step can be
carried out in an aqueous solution of an alcohol having 1
to 4 carbon atoms.

[0102]

The pH of the reaction system when subjecting the
polysiloxane compound and silica particles to the
condensation reaction is preferably within the range of 4
to 9, more preferably within the range of 5 to 8, and
particularly preferably within the range of 6 to 8. In
the case the pH is within the aforementioned ranges, the
weight average molecular weight of the condensation
reaction product and the ratic of silancl groups of
component ¢ can be easily controlled, thereby making this
preferable.

[0103]

The condensation reaction between the polysiloxane
compound and the silica particles is normally carried out
in the presence of an acid catalyst. Examples of acid
catalysts include the same acid catalysts as those
previously described as being used to produce the
polysiloxane compound. Although it is normally necessary
to repeat addition cof acid catalyst when reacting the
polysiloxane compound and the silica particles in the
case of having removed the acid catelyst following
production of the polysiloxans compound, in the case of
reacting the silica particles without removing the acid
catalyst following production of the polysiloxane
compound,  the reactlion between the polysilovane compound
and the szilica particles can be carried out with the acid
catalyst used when reacting the polysiloxane compound

without having to add the acid catalyst again. In this
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case, however, acid catalyst may alsc be added again
during the reaction pbetween the polysiloxane compound and
the silica particles.
[0104]

The temperature of the reaction bhetween the

polysiloxzane compound and the silica particles is

preferably C0°C to 200°C and more preferably 50°C to 150°C.
In the case the reaction temperature is within the
aforementioned ranges, the weight average molecular
weight of the condensation reaction product and the ratio
of silanol groups of component Q can be ecasily
contrelled, thereby making this preferable.
[0105]

In a particularly preferable aspect, the
condensation reaction between the polysiloxane compound

and the silica particles is carried out at a temperature

of 50°C or higher under conditions of pH 6 to 8 in an
agueous soluticen of an alcohol containing 1 to 4 carbon
atoms.
[0106€]

In the case of using a silane compound represented
by the aforementioned general formula (1) as a
condensation component, after the condensation reaction
between the polysiloxane compound and the silica
particles (first stage), a silane compound can be further
reacted with the product of the condensation reaction in
the second step (second stage). The silane compound may
be added as is or may be added after first diluting with
a solvent, Examples of diluting solvents that can be
vsed include alcohol -, ether-, ketone-, ester- and
salvents.
[G107]

' .

in the alorementloned second step, a silane compound
repregsented by the aforementioned general formula (1) is
preferably added to tThe reaction system within the range

of a concentration of 1% by weight to 100% by weight
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(100% by weight in the case of not diluting), and the
concentration is more preferably 3% by weight Lo 50% by
weight. In the case the aforementioned concentration is
within the aforementioned ranges, only a small amount of
solvent 1s used when producing the condensation reaction
product, thereby making this preferable,

[0108]

In & typical aspect, a reaction product of the
polysiloxane compound and the silica particles is
preferably formed in the first stage, and in the
subsequent second stage, a silane compound represented by
general formula (1) is preferably added to the reaction
system and allowed to react at a temperature within the
range of -50°C to 200°C for a duration within the range of
1 minute to 100 hours. By contrelling the reaction
temperature and reaction time, the viscosity of the
condensation reaction product sclution when forming a
film of the condensation reaction product can be
controlled, and in the case the reaction temperature and
reaction time are within the aforementioned ranges, the
aforementioned viscosity can be controlled to a
particularly preferable range for film formation.

[0109]

The pH of the reaction solution following the
condensation reaction (reaction between the polysiloxane
compound and the silica particles or the reaction between
the polysiloxane compound, silica particles and silane
compound) is preferably adjusted to 6 to 8. The pH can
pe adjusted by, for example, removing acid by
disviliation following Lhe condensation reaction. I the
case the aforementioned pH is within the aforementioned
range, the pot life of the condensation reactlion product
solution can be prolonged, thereby making this
preferable.,

[0110]
A solvent selected from the group consisting of

alcohel-, ketone-, ester-, ether- and hydrocarbon-hased
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solvents (and preferably that having a boiling point of
100°C to 200°C) may be added in advance at the time of the
condensation reaction {reaction between the polysiloxane
compound and silica particles or reaction between the
polysiloxane compeund, silica particles and silane
compound)} , may be added by providing a third step after
carrying out the aforementioned condensation reaction, or
may be added at both times.

(01111

In the case of providing a third step after having
formed the condensation reaction produclk, a solvent
having a boiling point of 100°C to 200°C selected from the
group consisting of alcohol-, ketone-, ester-, ether- and
hydrocarbon-based solvents may be further added to a
concentrate obtained by removing the solvent used during
the condensation reaction by a method such as
distillation.

[0112]

In the case the solvent {and particularly an organic
sclvent) used during the condensation reaction of the
second step (reaction between the polysiloxane compound
and silica particles or reaction between the polysiloxane
compound, silica particles and silane compound) and the
alcohol formed during the condensation reaction have a
boiling peint lower than the solvent having a boiling
point of 100°C to 200°C selected from the group ceonsisting
of alcohol~, ketone-, ester-, ether- and hydrocarbon-

based solvents, the solvent having a boiling point of

100°C to 200°C selected from the group consisting of
alcohol-, ketone-, ester-, ether~ and hydrocarbon-based
solvents is preferably added during or alfter the
condensation reaction, and the solvent having the lower
boiling point is preferably subsequently removed by &
method =such as distillation. In this case, the pot life
of the condensation reaction product solution is

prolonged, thereby making this preferable.
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[0113]

In a particularly preferable aspect, after having
added at least one type solvent having a boiling point of
100°C to 200°C selected from the group consisting of
alcohol-, ketone-, ester-, ether- and hydrocarbon-based
solvents to the reaction seclution in the third step
following the condensation reaction, components having a
boiling point of 100°C or lower are distilled off. As a
result, the solvent can be replaced with a high boiling
point solvent. Examples of components having a boiling

point of 100°C or lower include water and alcohols having

a boiling point of 100°C or lower in the case of having
carried out the first step and/or second step in an
agueous alcohel solution or in an alcohol having a
boiling point of 100°C or lower.

[0114]

More specifically, in the case of using water or an
alcohol during the condensation reaction (reaction
petween the polysiloxane compound and silica particles or
reaction between the polysiloxane compound, silica
particles and silane compound), after having added
solvent in an aspect as previously described following
the condensation reaction, water and alcohols having a
boiling point of 100°C or lower are preferably removed by

a method such as distillation, and the content of
components having a boiling point of 100°C or lower in the
condensation reaction product solution (namely, water and

alcohols having a boiling point of 100°C or lower) is

prefevably made Lo be 1% by welght or less.  In the case
the content thereof is within the aforementioned range,
the pot life of the condensation reaction product
selution is prolonged, thereby making this preferable.
[OL15]

After having obtained the condensation reaction
product solution according to a procedure like that

degscribed above, purification may be carried out to
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remove lons. Examples of methods used to remove ions
include ion exchange using an ion exchange resin,
ultrafiltration and distillation.
[0116]
5 A more preferable method for producing a

condensation reaction product solution able to be used
for the coating composition in the present invention is a
method comprising:

a first step for cbtalning a polysiloxane compound

10 by carrying out hydrolytic peolycondensation in an aqueous
alcohol solution under weakly acidic conditions of pH 5
to less than 7 on a silane compound consisting of 5 mol%
to 40 mol% of a tetrafunctional silane compound
represented by the following general formula (2):

15 Six%, (2)
(wherein, X* represents a halogen atom, alkoxy group
having 1 to 6 carbon atoms or an acetoxy group) and 60
mols to 95 mol% of a trifunctional silane compound
represented by the following general formula (3):

20 R*Si¥7; (3)
(wherein, R® represents a hydrocarbon group having 1 to 10
carbon atoms and X’ represents a halogen atom, alkoxy
group having 1 to 6 carbon atoms, or an acetoxy group),

a second step for obtaining a reaction solution by

25 carrying cut a condensation reaction on a condensation
component composed of 40% by weight to 99% weight of the
polysiloxane compound obtained in the first step as the
condensed weight thereof, and 1% by weight to 60% by
weighlt of silica particles in an agueous solulion of an

1) aloeonol having 1 to 4 carbon atoms and under conditions
of pH 6 to 8 and temperature of 50° or higher, and
a third step for ohtalning a condensation reaction
product solution by adding at least one type of solvent
having a boiling point of 100°C to 200°C sclected from Uhe
35 group consisting of alcohol-, ketone-, ester-, ether- and
hydrocarben-based solvents to the reaction solution

obtained in the second step, followed by distilling off
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compoenents having a boiling point of 100°C or lower by
distillation.
Examples
[0117]

The following provides a more detailed explanation
of the present invention using examples thereof.
[0118]

<Structure of Test Substrate>

The structure of a test substrate used in the
examples is shown in FIG. 2, This test substrate 2 has
test pattern structures 227 in the form of & narvow width
region 23 and a wide width region 24 formed in an Si
wafer 21 having a diameter of 6 inches. Trenches 26
having a width of 30 nm in the narrow width region 23 and
trenches 27 having a width of 300 nm in the wide width
region 24 are both formed within the same laver.
Furthermore, the trenches 26 having a width of 30 nm and
the trenches 27 having a width of 300 nm are arranged
mutually in parallel, and the depth is 1 um in all cases.
[0119]

<Detection of Nanostructure>

After cutting the test substrate in a direction at a
right angle to the lengthwise direction of the trenches,
thin sections having a thickness of about 30 nm were
prepared using a focused ion beam {(FIB} method, and the
thin sections were examined for nanostructure using a
transmission electron microscope (TEM).
[0120]

<kvaluation of Trench-£ill capability>

The fest substrate was oul in o direction at a right
angle to the lengthwise direction of the trenches and the
cross-section thereof was observed with an SEM (SEM) to
observe and evaluate the presence or absence of voids
having a size of 3 nm or more.
[C121]

<BEvaluation of Hydrofluoric Acid

Resistance for Filled Trench>
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Prior to observing a cross-section prepared in the
manner described akbove, the test substrate was immersed
in hydrofiuoric acid having a concentration of 0.5% by
weight for 5 minutes at 23°C followed by rinsing with pure
water and drying. This cross-section was then observed
with an SEM in the same manner as previously described
and then evaluated for the presence or absence of voids
having a size of 3 nm or more, and the absence of voids
was judged to indicate hydrofluoric acid resistance.
[0122]

<Evaluation Crack Prevention Performance>

An exposed surface of the wide width region of the
test substrate was observed with an SEM and evaluated
based on the maximum £ilm thickness at which cracks
measuring 100 nm or more in length do net form. Namely,
crack prevention performance was judged to be better the
thicker this film thickness.

[0123]

<Polysiloxane Compound Production Examples>

[Production Example 1]

11.6 g of methyl trimethoxysilane (MTMS), 4.4 g of
tetraethoxysilane (TEOS) and 20 g of ethanol were placed
in a recovery flask followed by adijusting the pH to 6 to
7 by dropping in at room temperature a mixed aqueocus
solution of 11.5 g of water and a suitable amount of
concentrated nitric acid for adjusting pH. Following
completion of dropping, the solution was stirred for 30
minutes and then allowed to stand undisturbed for 24
hours,

[Produoction Example 2]

The same procedure as FProduction Example 1 was
carried out with the exception of not using the MTMS of
Production Example 1 and using 24.3 g of TROS.

[FProduction Example 3]

The same procedure as Production Example 1 was
carried out with the exception of not using the TEOS of

Production Example 1 and using 14.2 g of MTMS.
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<Example 1>

47.6 g of PL-06L (water-dispersed silica particles
having an average primary particle diameter of 6 nm and
concentration of 6.3% by weight manufactured by Fusoc
Chemical Ce., Ltd.) and 80 g of ethanol were placed in a
500 ml 4-meuth filask eguipped with a distillation column
and dropping funnel followed by stirring for 5% minutes
and dropping in the polysiloxane compound synthesized in
Production kxample 1. Following completion of dropping
and stirring for 30 minutes, the solution was refluxed
for 4 hours. After refluxing, 150 g of propylene glycol
methyl ether acetate (PGMEA) were added followed by
distilling off the methanol, ethancl, water and nitric
acid through a distillation line by heating with an oil
bath to obtain a PGMEA solution of a condensation
reacticn product. The PGMEA solution of this
condensation reaction product was then concentrated to
obtalin a PGMEA solution having a solid fracticn
concentration of 20% by weight.
[0125]

<Examples 2 to 5>

Condensation reaction product solutions were
prepared under the same conditions as Example 1 using the
polysiloxane compounds synthesized in Production Examples
1 to 3 and the water-dispersed silica particles PL-061 in

the incorporated amounts shown in Table 1.

f0126]
[(Table 1}
Pable
Exaﬁ%l@w}ulu P Erample 3 Example 4 .mﬁgémpiemgi

MTMS  (a) 2007 6 4.2 0

TEOS {(_;]) a4 4.4 0 4.3
PL-06 (g) 476 2585 0 a
F0127]

2 el of each condensation reaction product solution

was dropped onto The test substrate followed by carrying
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at a rotating speed of 300 rpm and 30 seconds at a

rotating speed of 300 rpm.

A plurality of test

substrates having different film thicknesses were

in two stages consisting of 10 seconds

fabricated by changing the second stage rotating speed.

The test substrates were pre-baked in air for 2 minutes

at 100°C and 5 minutes at 140°C on a hot plate to remove

the solvent.

heated to 600°C at

The resulting test substrates were then

the rate of

30 minutes at 600°C in an atmosphere having an oxygen

concentration of 10 ppm or less,

5°C/min and then baked for

followed by cooling to

room temperature at the rate of 2°C/min.

[0128]

Examples 1 to 5 were evaluated for detection of

nanostructure,

trench-£ill capability,

hydrofluoric acid resistance and crack prevention

performance.
[0129]

[Table 2]

The results are shown in Table 2.

trench internal

Table 2
Detection of Trench-f1ill hydrofluoric Crack
nancstructure capability acid prevention
resistance for| performance
Filled Trench
Example 1 10~20 nm No wvolds Resistant >1.5 pm
Example 2 13-20 nm No wvoids Not resistant >1.5 um
Example 3 1G-20 nm No voids Not resistant 1.0 um
Example 4 Not observed No voids Resistant 1.0
Example 5 Not observed No wvoids Not resistant 1.0 um
TNDUSTRIR@WAPPLICABILTTX
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Although the foregoing description has indicated
examples of aspects of the present invention, the present
invention is not limited to these aspects, but rather
should be understocd to be able to be modified in various
ways within the spirit and scope of the claims for
patent.

BRIEF DESCRIPTION OF THE REFERENCE SYMBOLS

[0132]
1 Insulating structure
11 Substrate
12 Circuit pattern
12,23 Narrow width region
13a Narrow width pattern
14,24 Wide width region
l4a Wide width pattern
15 Insulating composition
le Circuit member
2 Test substrate
21 51 wafer
272 Pattern structure
26 30 nm wide trench
27 300 nm wide trench
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1. An insulating structure comprising a substrate

and a circuit pattern formed on the substrate, wherein

the cilrcuit pattern has a narrow width
region having a narrow width pattern of a width of 30 nm
or less and a wide width region having a wide width
pattern of a width of greater than 100 nm in the same
layer, and

the same insulating composition is formed
within the narrow width pattern and within the wide width
pattern.

2. The insulating structure according to claim 1,
wherein the film thickness of the insulating composition
present within the wide with pattern is 1.5 pm to 4.0 pum.

3. The insulating structure according to claim 1,

wherein the film thickness of the insulating composition

present within the wide width pattern is 0.8 um to 1.5

pm.

4. The insulating structure according to any of
claims 1 to 3, wherein the insulating composition present
within the wide width pattern does not have cracks.

5. The insulating structure accerding to any of
claims 1 to 4, wherein the insulating compositicn present
within the narrow width pattern does not have volds.

6. The insulating structure according to any of
claims 1 to 5, wherein the insulating composition present
within the narrow width pattern has resistance to
hydrefluoric acid.

7. The dinsulating structure according to any of
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pattern is 0.4 gm or more.,
8

The insulating structure according to claim 7

7

whereln the depth of the narrow width pattern is 0.5 um
oo 3 pm.
9. The insulaling structure according to claim 8,

whereln the depth of the narrow width pattern is 1 um to
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2 um.

10. The insulating structure according to any of
claims 1 to 9, wherein the length of the narrow width
pattern is 5C nm to 10 um.

11. The insulating structure according to any of
claims 1 to 10, wherein the narrow width pattern is a
pattern of a width of 10 nm to 30 nm.

12.  The insulating structure according to any of
claims 1 to 11, wherein the wide width patitern is a
pattern of a width of greater than 100 nm tc 100 um.

13. The insulating structure according to any of
claims 1 to 12, wherein the substrate is composed of a
semiconductor or insulator.

14, The insulating structure according to any of
claims 1 to 13, wherein the insulating composition has a
nanostructure of a particle diameter of 3 nm to 30 nm.

15. An insulating structure comprising a substrate
and a circuit pattern formed on the substrate, wherein

the circulit pattern has a narrow width
region having a pattern of a width of 30 nm or less and a
wide width region having a pattern of a width of greater
than 100 nm within the same layer,

the same insulating compositicn is formed
within the pattern having a width of 30 nm or less in the
narrow width region and within the pattern of a width of
greater than 100 nm in the wide width region, and

the insulating composition has a
nanostructure of a particle diameter of 3 nm to 30 nm.

16, The insulating structure according Lo claim 14
on 1h, wherein the ratio ol the portion having the
nanostructure in the insulating composition is 1% by
weight to 60% by weight.

7. The insulating structure according Lo any of

claimg 14 to 16, whevein the insulating composition

contains 50% by weight to 100% by weight of a

condensalion reaction product of a polysiloxane compound
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and a silica particles having an average primary particle
diameter of 3 nm to 30 nm, and

the ratio of a hydrolytic condensation
structure of at least one type of tetraalkoxysilane and
at least one type of alkyl trialkoxysilane in the entire
condensation reaction product is 40% by weight to 99% by
weight.

18. A production method of the insulating structure
according to any of claims 1 to 17, comprising:

a step for preliminarily forming patterns
corresponding to the narrow width region and the wide
width region on a substrate,

a step for coating a coating composition
for forming the insulating composition on the patterns,
and

a step for converting the coated coating
composition to the insulating composition by heating.

19. The insulating structure production method
according to claim 18, wherein the coating composition is
a condensation reacticn product solution comprising:

(I) a condensation reaction product obtained by
a condensation reacticn of a condensation component
containing at least (i) 40% by weight to 99% by weight as
the condensed amount thereof of a polysiloxane compound
derived from a silane compound represented by the
following general formula (1):

R'%S1X% (1)
(wherein, n represents an integer of 0 to 3, R' represents
a hydrocarbon group having 1 to 10 carbon atoms, and X'
represents o halogen altom, an alkoxy oroup having 1 to 6
carbon atoms, or an acetoxy group), and (ii) 1% by weight
to 60% by weight of =zilica particles, and

(P1}) a solvent, and

the silane compound represented by the general
formula (1) consists of two or more types of silane
compounds comprising at least a tetrafunctional silane

compound in which n in geneval formula (1) is 0 and a
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trifunctional silane compound in which n in general

formula (1) is 1.



